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A study o f the w i n t e r f eed ing ecology and behaviour o f the B a r - t a i l e d 
Godwi t L ? mosa Japponi ca 
ABSTRACT 
Godwits, l a rge wading b i r d s , were s tud ied a t Holy I s l a n d , Northumberland 
d u r i n g th ree w i n t e r s . Most fed on the polychaete worms Scoloplos armiger 
and Aren i co l a marina (the lugworm). Al though 60% o f items taken were 
Scolop los , the l a r g e r lugworms provided over 90% o f the energy content o f 
the d i e t . In October and A p r i l , godwits ob ta ined almost a l l t h e i r d a i l y 
energy requirements d u r i n g d a y l i g h t hours . In December they had to feed 
a l so by n i g h t , p a r t i c u l a r l y du r ing co ld weather. At sand temperatures 
above 3°C, godwits obta ined the same amount o f food each minute i n m i d -
w i n t e r as i n October; they fed f o r longer when t h e i r energy requirements 
were g rea t e r . At sand temperatures below 0 ° C , godwits were not ab le to 
feed f a s t enough to meet t h e i r requirements and had to u t i l i z e some o f 
t h e i r f a t reserves , which were s u f f i c i e n t to balance three days' t o t a l 
s t a r v a t i o n . By comparison w i t h c ap t i ve godwi t s , i t was concluded t ha t w i l d 
b i r d s expend almost as much energy i n c a p t u r i n g worms as they r equ i re j u s t 
t o keep a l i v e . 
Godwits normal ly feed i n f l o c k s c o n t a i n i n g both males and females . 
The s h o r t - b i l l e d smal ler males tend to feed a t the t i d e - l i n e , and the 
l o n g e r - b i l l e d l a r g e r females i n deeper wa te r . I f males are f o r ced i n t o 
deeper wate r , they are less successful i n f eed ing than females . Birds 
f eed ing alone are less successful than i n d i v i d u a l s w i t h i n f l o c k s , and are 
more l i k e l y to be caught by b i r d s - o f - p r e y . 
Godwits feed where the a v a i l a b i l i t y o f t h e i r prey i s h ighes t . They 
r e l y on c a s t - f o r m a t i o n (defaeca t ion) to de tec t lugworms, which normal ly 
l i v e too deep to be reached by the b i r d ' s beak. Lugworms form casts most 
f r e q u e n t l y a t the t ide-edge and less o f t e n as the sand d r i e s out d u r i n g low 
t i d e . Hence b i r d s move w i t h the t i d e - l i n e to f eed . At temperatures below 
3°C, lugworms defaecate most f r e q u e n t l y i n shal low water a t the t i de -edge , 
and godwits feed f u r t h e r i n t o the wa te r . Flocks change shape to become 
l i n e a r . Other b i r d s are f o r ced to feed a t the t ide-edge i n co ld weather, 
so godwits have to pack more c l o s e l y and i n t e r a c t i o n s increase . P o t e n t i a l 
f eed ing t ime i s l o s t i n f i g h t i n g . Consequently, less food i s obta ined each 
minute than expected s o l e l y f rom the reduc t ion in prey a v a i l a b i l i t y . At 
very low temperatures , godwits are f o r ced to feed on Sco lop los , by touch . 
Females then gain an advantage f rom t h e i r longer legs and b i l l s , s ince they 
can feed i n deeper water and avoid the f i g h t s which are c h i e f l y a t the 
t i de-edge. 
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GENERAL INTRODUCTION 
The B a r - t a i l e d Godwit Limosa lapponica i s a la rge wading b i r d which 
breeds i n S i b e r i a . Those f rom the eastern par t s o f the breeding range 
w i n t e r i n A u s t r a l a s i a , and those f rom western S ibe r i a w i n t e r i n West 
A f r i c a and on the western seaboard o f Europe. Many w i n t e r on the coasts 
o f the B r i t i s h I s l e s , p a r t i c u l a r l y on extens ive areas o f s a n d f l a t s . I n 
n o r t h America, the B a r - t a i l e d Godwit i s replaced by the Hudsonian Godwit 
Limosa haemastica, which a l so breeds on the t und ra . 
The s tud ies descr ibed i n t h i s t he s i s were prompted by an i n t e r e s t i n 
the extreme sexual dimorphism e x h i b i t e d by godwi t s , p a r t i c u l a r l y i n b i l l -
l e n g t h . During e a r l y at tempts to q u a n t i f y any d i f f e r e n c e s i n f eed ing 
behaviour between males and females , i t became c l e a r t ha t they were 
f e e d i n g on a very r e s t r i c t e d range o f p rey . This presented an o p p o r t u n i t y 
to make a d e t a i l e d study o f the way i n which the behaviour o f the i n v e r t e b r a t e 
prey i n f l u e n c e d the f eed ing behaviour o f the godwit p r eda to r s , and to 
at tempt measurements o f the d a i l y food in take o f the b i r d s i n the na tu ra l 
w i n t e r s i t u a t i o n . 
The thes i s i s presented as two papers (which , i t i s hoped, may be 
s u i t a b l e f o r p u b l i c a t i o n w i thou t major a l t e r a t i o n ) and th ree appendices. 
The f i r s t two o f the l a t t e r con ta in ma t e r i a l which i s not as complete 
as would be d e s i r a b l e ; the t h i r d i s the manuscript o f a paper which i s t o 
appear l a t e r t h i s year (1975) i n ' W i l d f o w l ' . This paper, a l though l a r g e l y 
the work o f Dr . Evans, incorpora tes some o f my observa t ions on godwit 
f e e d i n g behaviour , and was based on body composi t ion a n a l y s i s o f b i r d s which 
I c o l l e c t e d . I t i s included here c h i e f l y because i t conta ins i n f o r m a t i o n 
to which reference i s made several times i n the main sec t ions o f the t h e s i s , 
and i t i s u n l i k e l y to be a v a i l a b l e i n publ i shed form be fo re the thes i s i s 
examined. A l l three Appendices are re levant c h i e f l y t o the main paper on 
w i n t e r f eed ing ecology. 
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The Winter Feeding Ecology o f the B a r - t a i l e d Godwit 
I INTRODUCTION 
Al though the o r n i t h o l o g i c a l l i t e r a t u r e conta ins p l e n t y o f casual records 
o f the foods o f wading b i r d s , not u n t i l r e c e n t l y have any q u a n t i t a t i v e 
s tudies been publ ished o f shoreb i rd d i e t s . Among the most r e l i a b l e o f 
these have been the work o f Goss-Custard (1969) on Redshank Tr inga to tanus , 
o f Heppleston (1970 on Oystercatchers Haematopus o s t r a l e q u s , and o f Pra ter 
(1972) on Knot C a l i d r i s canutus. The l a s t o f these was based p r i m a r i l y on 
the a n a l y s i s o f g izzard con ten t s , a method which has severe l i m i t a t i o n s i f 
many s o f t - b o d i e d prey f e a t u r e i n the d i e t , since they are broken up 
q u i c k l y as soon as they reach the stomach. For t h i s reason, the study 
repor ted here on the d i e t o f the B a r - t a i l e d Godwit Limosa lapponica a t 
L i n d i s f a r n e , Northumberland, r e l i e s h e a v i l y on d i r e c t observa t ions i n the 
f i e l d o f prey taken. As w i l l be shown, most o f these are marine worms, 
which leave few d i s t i n g u i s h a b l e remains i n the g i z z a r d , p a r t i c u l a r l y the 
lugworm Areni cola ma r i na. 
F i e l d observat ions a l so a l lowed measurement o f the amount o f food eaten 
by godwits du r ing d a y l i g h t hours i n the w i l d . Such est imates e x i s t f o r very 
few carn ivorous b i r d s , except those held i n c a p t i v i t y , and i t w i l l be shown 
tha t the energy expended i n o b t a i n i n g food i n the na tu ra l s i t u a t i o n i s 
almost equ iva len t to tha t needed f o r godwits t o s tay a l i v e and hea l thy i n 
c a p t i v i t y a t equ iva len t temperatures . 
F i n a l l y , t h i s study shows how even a q u a n t i t a t i v e d e s c r i p t i o n o f a 
p r e d a t o r ' s d i e t i s o f l i t t l e value unless r e l a t ed to the v a r i e t y , d e n s i t y 
and a v a i l a b i l i t y o f p o t e n t i a l prey i n the a rea . 
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I I STUDY AREA 
The L i n d i s f a r n e Nat iona l Nature Reserve i n no r th Northumberland 
comprises about 3240 hectares (12^ square m i l e s ) , mainly o f t i d a l mud and 
s a n d - f l a t s , sal tmarsh and dunes. 
My research was located on the l a rges t area o f mud and s a n d - f l a t s , 
which are p a r t i a l l y enclosed between Holy I s l and and the mainland ( F i g . 1 ) . 
The main channel d r a i n i n g t h i s area d i v i d e s approximate ly 1100 hectares 
on the mainland s ide ( c h i e f l y o f mudf l a t s w i t h ex tens ive ee l -grass 
(Zostera spp.) beds bounded by a s t r i p o f cord-grass (Spar t i na spp.) 
sa l tmarsh along the shore) f rom about 750 hectares o f main ly s a n d f l a t s 
( cha rac te r i zed by casts formed by lugworms (Arenicola marina) and a 
compara t ive ly small Zostera bed) . This l a t t e r area, Holy I s l and Sands 
(abbrevia ted hencefor th to HIS ) , inc luded my main study s i t e s . 
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I I I METHODS 
1 . General 
Godwits were observed by means o f a telescope (X20-X40) and b inocu la r s 
(10 x 5 0 ) . A X20 b inocu la r microscope was used to examine gut contents 
o f the b i r d s . Substrate temperatures were measured at a depth o f 3 cm 
before and a f t e r a per iod o f o b s e r v a t i o n . 
Data were c o l l e c t e d d u r i n g the w i n t e r s o f 1970-71, 1971-72 and 1972-73. 
2 . Censusing 
Godwits were counted twice monthly f rom October to the end o f March. 
Counts were undertaken f rom about LW 1 ^ --3 t o 3 hours a f t e r low w a t e r ) , 
as the b i r d s were pushed by the f l o o d i n g t i d e upshore o f t h e i r LW feed ing 
areas ,but before there was apprec iab le movement between areas on the 
L i n d i s f a r n e Reserve. Bi rds were censused on HIS on one day and on the 
mud-and s a n d f l a t s o f the opposing mainland region on the f o l l o w i n g day; 
the two counts were taken as complementary. In the approximate ly f o r t n i g h t l y 
per iods between counts , no t i ceab l e changes i n numbers were no ted . 
The wardens o f the Nature Conservancy Council counted a l l species 
o f waders and w i l d f o w l on the Reserve, u s u a l l y once weekly , d u r i n g autumn 
and w i n t e r . The i r combined counts o f godwits f rom roosts and f eed ing 
areas were 3 t o 9 per cent higher than mine but included upwards o f 130 
b i r d s which occurred on par t s o f the Reserve which I d i d not count , f o r 
example Budle Bay. 
3. Measurement o f d i e t 
The composi t ion o f the d i e t o f godwits on HIS was determined both 
through d i r e c t obse rva t ion o f f eed ing b i r d s and by the a n a l y s i s o f the guts 
o f b i r d s shot w h i l s t f e e d i n g . 
The ana lys i s o f gut contents conta ins biases due to the d i f f e r e n t 
rates o f d i g e s t i o n o f small and la rge members o f the same and d i f f e r e n t 
p r e y _ S p e c i e s , and o f ha rd - she l l ed and s o f t - b o d i e d organisms. Furthermore, 
some species o f waders get r i d o f i n d i g e s t i b l e ma t e r i a l as p e l l e t s (Swennen 
1971; Goss-Custard and Jones i n p r e p . ) . These d i f f i c u l t i e s , reviewed by 
Goss-Custard (1973) . were cor robora ted by my work w i t h godwits i n c a p t i v i t y . 
One b i r d , f ed Nerei s d i v e r s i c o l o r f o r the l a s t t ime i n December and t h e r e a f t e r 
maintained on b l o w f l y l a r v a e , s t i l l contained two nere id jaws i n i t s 
g i zza rd when shot the f o l l o w i n g June. This same b i r d was fed Aren ico l a 
ma r i na, 3-5 cm i n l e n g t h , immediately before being shot . About 1 minute 
a f t e r i t had swallowed the l a s t Areni cola i t was k i l l e d and w i t h i n the 
f o l l o w i n g minute i t s gut opened and p i c k l e d . Of the k worms i t had ingested 
i n the 9 minutes a v a i l a b l e f o r f e e d i n g , on ly one was i d e n t i f i a b l e i n the 
p r o v e n t r i c u l u s . In view o f these c o m p l i c a t i o n s , more r e l i ance has been 
placed on d i r e c t obse rva t ion o f f eed ing b i r d s than on gut con ten t s . 
Worms over 3 cm i n l eng th can be seen w i t h o u t d i f f i c u l t y when they 
are taken by godwi t s . Lengths o f worms i n the d i e t were es t imated by 
comparing them w i t h the b i l l - l e n g t h o f the b i r d which took them. Four 
broad ca tegor ies o f worm-length were designated: 0 -5 , 6-10, 11-15 and 
16-20 cm, r e s p e c t i v e l y . The b i l l - l e n g t h s o f male and female godwits 
(which are separable i n the f i e l d ) were taken a r b i t r a r i l y as 8 and 10 cm, 
r e s p e c t i v e l y , very c lose to the ac tua l mean values (Behaviour, s ec t ion V ) . 
Worms, p a r t i c u l a r l y Nerei s, tend to s t r e t c h when ex t r ac t ed f rom the 
s u b s t r a t e . Longer ones are o f t e n broken i n t o two o r more p ieces . An 
at tempt was made to c o r r e c t the worm-lengths observed to t h e i r uns t re tched 
lengths and to es t imate t o t a l lengths f o r those which were ex t r ac t ed i n 
several p ieces . I f o n l y a shor t piece o f Arenico1 a was e x t r a c t e d , i t was 
assumed to be a t a i 1, as v i r t u a l l y a l l Areni col a were taken f rom t h e i r t a i l -
s h a f t s . A t a i l f r e q u e n t l y had one,or more,short t h i n s t r i p s o f f l e s h 
hanging f rom i t . 
The l a rge r b iva lves taken were i n d e n t i f i e d e a s i l y as such. Bivalves 
less than 1 cm i n length could not be recognized as such. However, i f a 
1 
b i r d manipulated a small prey i tem w i t h r e l a t i v e l y r i g i d opened mandibles , 
t h i s i nd i ca t ed t ha t a small b i v a l v e r a the r than a small worm had been taken . 
There was more d i f f i c u l t y i n separa t ing by d i r e c t obse rva t ion small 
Areni cola and Nerei s Jess than 3 cm i n l e n g t h , f r o m Scoloplos a rmi ger , a 
s m a l l , narrow po lychae te , not a l l o f which were v i s i b l e to me. Wi th 
exper ience , separa t ion was poss ib le i n d i r e c t l y , u s ing both the r e l a t i v e 
speed o f hand l ing and swa1lowing,and the degree to which the mandibles 
were open when the i tem was inges ted . Furthermore, the behaviour o f the 
b i r d could a l so provide an i n d i c a t i o n o f the type o f prey taken . For 
example, godwits o f t e n dev ia te f rom t h e i r d i r e c t i o n o f movement when 
responding to the cast f o r m a t i o n o f Areni c o l a . This prey i s most vu lne rab l e 
t o p reda t ion when fo rming i t s ca s t . 
The composi t ion o f the d i e t o f godwits was determined by d i r e c t 
obse rva t ion o f f eed ing b i r d s f rom dawn to dark on a t o t a l o f 6 days i n 
October , 5 i n December and k i n A p r i l as the b i r d s moved w i t h the t i d e 
over HIS d u r i n g both sp r ing and neap t i d e s . The data obta ined g ive a 
r ep resen ta t ive and seasonal p i c t u r e o f t h e i r d i e t on the study area . 
A d d i t i o n a l l y , the guts o f t w e n t y - f o u r godwits shot w h i l e f eed ing a c t i v e l y 
on HIS were examined to o b t a i n measures o f the p ropor t ions o f the va r ious 
s ize-c lasses o f b iva lves taken and to look f o r i d e n t i f i a b l e remains o f 
worms i n the oesphagus and p r o v e n t r i c u l u s . 
k. Measurement o f food in t ake d u r i n g d a y l i g h t hours 
Observations o f food in take were made on HIS. Birds were observed 
c o n t i n u a l l y f rom dawn to dark on both sp r ing and neap t i de s except when 
they were a t HW roos t . HW o f sp r ing and neap t i d e s occurred i n l a t e 
a f t e r n o o n and l a t e morning, r e s p e c t i v e l y . Spr ing t i d e s comple te ly covered 
the f eed ing areas o f godwits ; neap t i d e s d i d n o t . Observations commenced 
a t dawn o r as soon as a t leas t f i f t y godwits had returned f r o m HW roost 
and s t a r t e d to f e e d . The b i r d s were f o l l o w e d on f o o t as they moved w i t h 
the ebb and f l o w of the t i d e . Most godwits f l e w S.S.E. f rom t h e i r HW roost 
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on the Sand Ridge to the eastern end o f HIS where they commenced f e e d i n g . 
Later they moved west t o the area east o f the Low and f i n a l l y N.N.W. to 
the HW roost ( F i g . 1 ) . Observations terminated when most o f the b i r d s 
had s t a r t e d to roost o r when darkness f e l l . 
The same i n d i v i d u a l godwit could not be f o l l o w e d f o r an e n t i r e pe r iod 
as b i r d s f r e q u e n t l y l e f t a f l o c k w h i l e o thers j o i n e d i t . Much o f t h i s 
movement occurred between areas on HIS i t s e l f , but f l i g h t between HIS and 
o ther regions o f the Reserve was o f t e n noted f o r approximate ly 2 hours 
immediately a f t e r the b i r d s had re turned f rom t h e i r HW roosts and f rom 
about 3 hours before HW u n t i l a l l had l e f t f o r t h e i r roos t s . 
T h i r t y - t w o i n d i v i d u a l godwi t s , f eed ing a c t i v e l y , were observed every 
hour, each f o r 1 minu te . Observations a l t e r n a t e d between males and 
females i n each o f two f eed ing l o c a t i o n s : ' a t ' and 'beyond the t i d e - l i n e 1 
( f o r s i g n i f i c a n c e , see Behaviour sec t ion V ) . I noted the numbers o f each 
s i ze -c l a s s o f each species o r type o f prey taken each minute . 
Every 15-20 minutes , the p ropor t ions o f godwits f eed ing a c t i v e l y 
(or l o a f i n g ) were noted and averaged l a t e r to produce an average f eed ing 
t ime each day f o r an 'average 1 godwi t . I t i s assumed t h a t the average 
p r o p o r t i o n o f the day used f o r f eed ing by a l l godwits observed i s equal 
to the p r o p o r t i o n o f the day tha t each i n d i v i d u a l feeds (Goss-Custard 1969; 
Heppleston 1971). This i s v a l i d o n l y i f f eed ing and non-feeding b i rds are 
e q u a l l y v i s i b l e , as was be l ieved to be the case i n godwi t s . 
The data were c o l l e c t e d on 3 days o f sp r ing and 3 o f neap t i d e s i n 
October, 3 o f sp r ing and 2 o f neaps i n December and on 2 o f spr ings and 2 
o f neaps i n A p r i l . On a l l days, the subs t ra te temperatures were above 
3 C, the c r i t i c a l temperature below which some prey show reduced a c t i v i t y . 
I n f o r m a t i o n f rom 1 day each o f sp r ing and o f neaps w i t h subs t ra te 
temperature o f +1°C was obta ined in December. A d d i t i o n a l data were 
c o l l e c t e d f o r par t s o f days i n a l l these months but are incomplete because 
o f major sources o f d i s t u rbance , p a r t i c u l a r l y successive low f l y i n g a i r c r a f t , 
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w i l d f o w l e r s and unexpected changes i n weather. 
5. Studies o f b i r d s i n c a p t i v i t y 
Godwits were caught under l i cence f rom the Nature Conservancy Council 
and the p r imar ies o f one wing c l i p p e d . They were kept i n a wire-mesh 
cage enc los ing 5 m2 o f ground. A layer o f s t raw bales was placed around 
the per imeter o f the cage aga ins t the w i r e t o prevent the b i r d s i n j u r i n g 
themselves by p u t t i n g t h e i r b i l l s through the mesh. 
Bi rds were kept f o r 1 month before measurements o f food in t ake were 
i n i t i a t e d as King and Farner (1959) , working w i t h White-crowned Sparrows 
( Z o n o t r i c h i a leucoph'rys) , found tha t weight changes, due mainly to muscular 
a t rophy,were completed w i t h i n t h i s p e r i o d . 
The c a p t i v e godwits were maintained c h i e f l y on a d i e t o f b l o w f l y 
larvae (Ca11i phora s p p . ) . These larvae were used e x c l u s i v e l y d u r i n g t r i a l s 
t o es t imate food i n t ake d u r i n g d a y l i g h t hours . The cap t i ve b i r d s used 
i n these t r i a l s had larvae a v a i l a b l e a t a l l t imes . 
Dur ing t r i a l s , 800 larvae were presented i n an enamel t r a y to the b i r d 
a t dawn. Those remaining a t dark were removed and counted. Several t r i a l s 
were at tempted a t n i g h t but mice were suspected o f t a k i n g larvae on two 
occasions and dampness enabled some larvae to c l imb out o f the t r a y on 
o t h e r s . These data t h e r e f o r e are not inc luded and o n l y those data c o l l e c t e d 
on days w i thou t d i s tu rbance to the b i r d s are presented. 
6 . C a l o r i f i c contents 
Approximate ly equal numbers o f the f o u r s ize-c lasses o f A ren i co1a 
were c o l l e c t e d i n September, December and May. A number o f Sco lop los , 
and t a i l s o f Aren i co l a equ iva len t i n length to animals o f the f i r s t t h ree 
s ize-c lasses o f whole Arenicola^were obta ined i n September. The 
i n v e r t e b r a t e s were d r i e d i n a vacuum oven a t 60°C. C a l o r i f i c contents o f 
the d r i e d items were determined w i t h a Gallenkamp b a l l i s t i c bomb c a l o r i m e t e r , 
which i s most accurate f o r heat releases o f about 2 Kca l s . No at tempt 
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was made to remove sediment ingested by the worms before they were b u r n t , 
s ince the pe r iod o f s t a r v a t i o n needed to c l ea r t h e i r guts might have 
reduced t h e i r c a l o r i f i c con ten t . Before each o f the three per iods o f 
' bombing 1 , a c a l i b r a t i o n curve was obta ined by combustion o f 10 p e l l e t s o f 
5 d i f f e r e n t weights o f d r i e d AR benzoic a c i d . Because whole worms i n each 
o f the s ize-c lasses o f Areni cola v a r i e d i n length by up to 5 cm, dry 
weights and c a l o r i f i c contents were ra the r v a r i a b l e and no s i g n i f i c a n t 
d i f f e r e n c e s were apparent between r e s u l t s f rom the three sampling pe r iods . 
The data f o r each s i ze -c l a s s have t h e r e f o r e been pooled . 
The energy contents o f b l o w f l y l a rvae , used i n the s tud ies o f c a p t i v e 
b i r d s , were determined i n the same way. 
Basal metabol ic rates o f godwits were c a l c u l a t e d us ing the formula 
f o r non-passerines o f Lasiewski and Dawson (1967) based on lean body 
wei gh t s . 
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IV RESULTS 
1. Godwi t numbers 
Monthly means f o r the three w i n t e r s o f study are t abu la ted below; 
d i f f e r e n c e s amongst years were s l i g h t . Average numbers between October 
and March i n c l u s i v e were: 
October 2500 
November 3500 
December 4500 
January 3500 
February 2500 
March 1500 
The f i r s t major a r r i v a l s o f godwits a t L i n d i s f a r n e occur i n August . These 
are c h i e f l y j u v e n i l e s . A d u l t s do not u s u a l l y r e t u r n u n t i l they have 
completed moult o f t h e i r f l i g h t f e a t h e r s , some i n September, but most i n 
October (Chapman 1907; Evans £• Smith 1975). Numbers remain r e l a t i v e l y 
steady f rom November to February, though marked i n f l u x e s have occurred 
b r i e f l y i n some years , e . g . i n December 1971 when numbers rose to 6000 
f o r 2 days, and in January 1973 when they reached 5000 f o r 3 days. 
Godwits comprise about 10 per cent o f the t o t a l wader popu la t ion 
w i n t e r i n g a t L i n d i s f a r n e . The area ranked t h i r t e e n t h i n importance f o r 
waders amongst B r i t i s h and I r i s h es tuar ies i n the w i n t e r o f 1972-73 
(Pra te r 197*0, and held approximate ly 12 per cent o f the B a r - t a i l e d 
Godwits w i n t e r i n g i n B r i t a i n . 
2 . Die t on Holy I s l and Sands 
Godwits took two main prey on HIS, the polychaetes Aren i co l a marina 
and Scoloplos a rmiqer . Table 1(a) summarizes the numerical composi t ion 
o f the d i e t i n d i f f e r e n t months, based on observa t ions d u r i n g d a y l i g h t 
hours . Table 1(b) i n d i c a t e s the r e l a t i v e c o n t r i b u t i o n s o f the d i f f e r e n t 
s izes o f prey to the t o t a l biomass i n t a k e . These f i g u r e s are necessa r i ly 
somewhat imprec i se , because no at tempt was made to c l e a r sediment f rom the 
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worm guts before they were d r i e d and weighed. ( I t would have been 
n e c e s s a r y to keep the worms in c l e a n seawater f o r s e v e r a l days to remove 
a l l sed iment , and t h i s would probably have reduced t h e i r c a l o r i f i c c o n t e n t , 
a s mentioned e a r l i e r ) . Al though S c o l o p l o s c o n t r i b u t e d 60 per cent of the 
worm d i e t i n terms of numbers t a k e n , i t p rov ided o n l y 6 per cent of the 
biomass i n t a k e . Hence A r e n i c o l a was by f a r the most important p r e y . 
S e v e r a l o t h e r i n v e r t e b r a t e s p e c i e s were taken a t t i m e s , but t h e s e 
never c o n t r i b u t e d more than f i v e per cent of the t o t a l number of i tems 
seen to be eaten d u r i n g d a y l i g h t h o u r s . A n a l y s e s of the con ten ts o f the 
oesophagus and p r o v e n t r i c u i u s of t w e n t y - f o u r shot b i r d s a r e g iven in 
Appendix I . These e s t a b l i s h e d the importance of A r e n i c o l a as the major 
a n n e l i d prey and conf i rmed tha t S c o l o p l o s was t a k e n , but suggested that 
c i r r a t u l i d s and o l i g o c h a e t e s may a l s o f e a t u r e in the d i e t a t t i m e s . 
O l i g o c h a e t e s a r e not common on Holy I s l a n d S a n d s , though c i r r a t u l i d s a r e 
in p l a c e s . By d i r e c t o b s e r v a t i o n , i t i s not p o s s i b l e to d i s t i n g u i s h 
S c o l o p l o s and c i r r a t u l i d s taken by g o d w i t s , so some o f the l a t t e r may have 
been i n c l u d e d under the S c o l o p l o s heading in T a b l e s 1(a) and ( b ) . S i n c e 
t h e i r biomass i s even s m a l l e r than that of S c o l o p l o s , the predominant 
importance of Areni c o l a in the godwit d i e t remains u n a l t e r e d . On s p r i n g 
t i d e s o n l y , beds of the t u b e - b u i l d i n g p o l y c h a e t e L a n i c e conchi legabecame 
a v a i l a b l e to godwits a t the lowest t i d a l l e v e l s , and a few of t h e s e worms 
were t a k e n . Another p o l y c h a e t e , Nerei s d i v e r s i c o l o r , was a l s o taken 
o c c a s i o n a l l y , but i t was not common on Holy I s l a n d S a n d s , a s i t p r e f e r s 
s u b s t r a t e s w i th b r a c k i s h r a t h e r than f u l l y s a l i n e i n t e r s t i t i a l w a t e r . 
B i v a l v e s formed the o t h e r group of i n v e r t e b r a t e s taken r e g u l a r l y , 
but in smal l numbers. S i n c e d i f f e r e n t s p e c i e s could not be d i s t i n g u i s h e d 
by d i r e c t o b s e r v a t i o n , a l l b i v a l v e s have been t r e a t e d a s i f they were 
Macoma b a l t h i c a f o r l a t e r c a l c u l a t i o n s of c a l o r i f i c i n t a k e . Gut a n a l y s e s 
(Appendix l ) of godwits shot a t a l l t i d a l l e v e l s c o n f i r m that Macoma, 
o r the v e r y s i m i l a r Abra t e n u i s , were the s p e c i e s most o f t e n t a k e n , a s was 
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to be expected in v iew of the more r e s t r i c t e d d i s t r i b u t ions and lower 
d e n s i t i e s of Cardiurn (= Cerastoderma) edu1e, S c r o b i c u l a r i a p lana and 
Te11? na tenui s on the s tudy a r e a . Measurements of the Macoma found i n 
the shot b i r d s have been used to c a l c u l a t e the p r o p o r t i o n s of d i f f e r e n t 
s i z e - c l a s s e s t a k e n , s i n c e t h e s e cou ld not be observed d i r e c t l y . 
Numbers of b i v a l v e s , Nere? s , Lani ce and o t h e r i tems seen to be taken 
d u r i n g d a y - l o n g o b s e r v a t i o n s of godwit f e e d i n g a r e summarized in T a b l e 
3 ( b ) . 
3 . Energy i n t a k e 
The c a l o r i f i c c o n t e n t s of the foods taken by godwits dur ing d a y l i g h t 
hours a t d i f f e r e n t t imes of y e a r a r e summarized in T a b l e k. T a b l e s 2 and 
3 ( a ) and (b) show the d e r i v a t i o n of the f i g u r e s p r e s e n t e d i n T a b l e k. 
Although the energy i n t a k e s dur ing d a y l i g h t hours a t temperatures 
above 3°C appear to va ry l i t t l e w i t h season o r t i d a l range, those f o r 
December a r e probably the most a c c u r a t e v a l u e s of the i n t a k e of a s i n g l e 
godwit . In December, a l l b i r d s fed f o r most o f the t i m e / t h e i r f e e d i n g 
i 
a r e a s were uncovered by the t i d e dur ing d a y l i g h t h o u r s . In autumn and s p r i n g , 
the average d u r a t i o n of f e e d i n g by an i n d i v i d u a l godwit may have been 
o v e r e s t i m a t e d , s i n c e measurements of the p r o p o r t i o n s of b i r d s f e e d i n g and 
not f e e d i n g were made on f l o c k s whose i n d i v i d u a l composi t ion changed d u r i n g 
the per iod of o b s e r v a t i o n . I f s a t i a t e d b i r d s had tended to l eave the f l o c k , 
and hungry b i r d s to j o i n ( a f t e r f eed ing e l s e w h e r e on the L i n d i s f a r n e 
R e s e r v e ) , o v e r e s t i m a t i o n would have r e s u l t e d . 
In December, the t o t a l c a l o r i f i c i n t a k e of godwits d e c r e a s e d 
d r a s t i c a l l y on c o l d d a y s , even though they fed f o r longer than on warm 
d a y s . S p r i n g t i d e c o n d i t i o n s were l e s s f a v o u r a b l e than neap t i d e s , s i n c e 
the number of hours f o r which the feed ing grounds were uncovered dur ing 
d a y l i g h t were reduced from 6 .8 to 5 . 8 . As shown in T a b l e k, b i r d s fed 
throughout the t ime a v a i l a b l e on both d a y s . In s p i t e o f t h i s , they f a i l e d 
TO 
"—' 
E 
i_ 
O 
3 
a) \ 
+J 
(0 c 
i- (U 
+-> > c 
< o o 
u 
u-
o 
^— 
u 
CSI LTV 0 0 
— vO J " 
O 
CO 
O — — 
0 O 0 0 L A 
o CM m O 
+J "O 
0) 0) 
<— ja 
— E 
a> o 
Q. _a 
O 
a> 
• "O 
O <u 
z E 
— oo — 
— CM J - CM 
(V> VO J " vO 
XI 
a> 
i/> 
u 
to 
a) (/) 
nj 1/1 
+J M— ID 
o O r— 
I— u 
o co 
z N 
l/> 
</> 
</> 
(0 
I 
(D 
N 
<u 
r»"> CM — 
CM 
c i oo 
CM — 
o 
m 
in 
E 
§ 
O 
_c 
2 
i 
ro 
"o 
o 
c 
< 
— — > 
I/) 
to 
1/1 
1/1 
O 
o 
C 
CD 
o 
I 
N 
1/1 
O 
a 
o 
o 
u 
m 
> 
3 
O 
17 
o 
a CTl PA cn — PA CM LTV . — PO 
c o J - i s <£) CO -4* VO — PA O o 
E PA PA c i CA • • 
3 o o o 
4-> o 
3 
CD 
C 
l/l 
l/l a) o i/i 
4J i_ CM E vO o 
• 3 > 1 PA CM CM PA P A - 4 r A PA CO CO 3 4-> — vo Q • • 
XJ TO o I— o \- — ' 
o <D 
Q-
X> E 
a> a> i/i <*\ 
+J 1/1 - 4 m 
a> „ — — unoo v£i i s PA - 4 • 
to Q) in L a TO o o +J +J m — p— 4-> 
1 TO TO — 1 \_ L- i — F 1/1 
TO •U o , E o CO GO) 1/1 1 ~* ' 1_ (TV PA \ u — m o o CM PA LA 
XI <D o PA PA PA PA — — -4" o n « 
4 - 3 N 3 o 1 
o 1/1 •— 
l/l —^ +-> i/i 
l/l C TO • — C«~l oo 1/1 a> • — »— — 1— CO PAVO i s PA vO r— CM 
TO i_ O V TO CM •— i — CM — • • a) U o +J o o 
U M- •— > 1 c l/l 
(1) • 0) E CM J " I S J O CN C O VO i s LA 
N XI ^—' i_ PA - d " — - T vO O — O CM VO 
•— < o i — « — f — ^ — i — i — • • +J 3 o o 
TO 
O l/l i/> 
TO i_ p— J - CO 
a) 3 J " r s LA — CM — CNJ •— o o 
o ^—^ TO " • i*- - C E 4-> o o 
o J 
— LT\ * 
l/l - C l/l 
u o E LA CM 
<U ^—' O \ D oo \ o r v o G~\ i s O 
XI o i n un PA PA • • 
E >. 3 o o 3 TO 
CZ XI 
XI a i CO ^ 
c c 4-1 O 
TO .— TOO PA PA PA PA ~ - — PA PA i_ L_ ^—' E 
1/1 3 4-> • A A A A + + A A a> 
a> XI l/l a +J 
. -Q £ •— 
o CTI 3 0) — 
<u C t/1 +J 
O- • c 
i/l UJ — D. J * s . 4-> 
l/l ^ V c 
a) PA PA PA CM — — CM CM cn o 
XI —^ o . 
c <D 1/1 l/l l/l l/l 1/1 1/1 1/1 l/l +J 1/1 
4-> TO XI a i a . o i a DI a cn a . x : o — C .— C TO C TO CZ TO C TO cn — TO 
•— i_ 1- ._ (0 ._ <u — <U ._ <U 4 - O 
<D L- C 1- C 1- C 1- c (U — i £ 
X) +J Q. a . a . D - 3 1_ 
o c l/l in I/I i/i o 
o 
• r— TO Ll_ > t x ) a) U 
\_ 
• a) a) . - <D 
TO x : a> XI cn cn rr\ 4-J XI E •— TO TO C o <o .— i_ l_ 
0) o +-> u (U a) 
i— u (U Q. > > -Q o a < < < TO 1— 
x> 
(0 > 
0) 
l/l 
X I 
o 
l_ 
TO 
X I 
c 
3 
TO 
X I 
>- 4-J 
TO X -a a> 
4-1 
o a> 
i_ t/i 
a> •—' 
XI 
E 4-1 
3 c 
C (U 
E 
(U • — 
XT X I 
4-> CO 
l/l 
(U 
\_ <u 
TO E o 
VI 1/1 
Q) 
l/l a> 
Q) Xt 
x : 3 
4-> 
c o 
a) c 
. — 
TO a . i/i 
a> 
c 3 . _ 
TO in > a> 
u 0) 
3 i/l 
en a) . X 
I -
CD l/l 
<u 
• a 1_ 
CO 3 
+J • ID 
t-
+J 0) 
i Q. 
\_ E 
ro CO 
CO. +J 
4— a) 
o +J 
ID 
^ s 
1-
1/1 +J 
ui in 
ID X I 
• — 3 
U l/l 
a) +J 
N C 
. — a) 
i_ 
a> 
x : 4 -
u 4 -
ID •— 
CO XJ 
4 - +J 
o ID 
l/l 
i_ 
co 3 
-Q o 
E J C 
3 
C +-> 
x 
X I (Tl 
c •— 
ID ^~ 
>» 
t/1 ID 
co X ) 
u cn 
CO c 
Q. • _ 
i/i 1_ —^ 3 
X I 
a) 
a i 
ID c 
•—• 
c i_ 
. Q. 
i/l 
o X ) 
o c 
u . ID 
l/l 
l/l 
ID 
r— 
U 
E 
a) o 
N o CO a) <u a) 
— < c n c j - C LA c VO c 
in 1 — o — o o O 
LA c c c: c 
a> ^—' 
u 
c 
ID 
_ J 
l/l 
a> 
i/i 
i/i 
ID 
>— o 
U — 1— 
1 — 1 VO CO LA LA CO vO r o 
Q) VD 
N 
l/l 
l/l 
E 
CO u 
1_ — LA oo J - CM CM d * CM r o CM 
CO 1 
z O 
l/l 
CO LA 
l/l i— 
Ul — 1 — LA CT\ 00 J " LA 
ID — r o •— 
•— 1— 
o 
1 
- — 
CO 
N ^ 
•— CXI 
1/1 1 
— 1 vO CO LA 00 -d- J " 
CO r» . 
> 
ID 
> 
CO g 
VO r o -3" I M J - 4 - r o r o 
V 
w 
CO ^ 
+-> o 
IDO 
l_ — r o c i r o r o — i— r o r o 
+J 
ui a . A A A A + + A A 
x i E 
3 (U 
i/> +J 
r o r o <NI •— f CM CM 
CO Ul Ul L/l l/l l/l i/i Ul Ul 
X I cn a . o i a . cn a . cn a . 
•— C ID C ID c CD C CO 
h- . _ CO . _ CO • - CO . _ CO 
1- c L- C L- c L- C 
a a a . a . 
i/i Ul Ul i/i 
i_ co 
x CO X l 
+J X I E ,— 
c o CO .— 
O +J o 
XL o CO a 
o o < 
+ + + + 
r*-. L A 
C M VO 
+ + 
L A 
0 0 
O 
+ + 
r o 
C M 
O 
O 
-3" 
+ 
+ + 
CO + 
C M J " 
o — 
+ 
+ + 
o J -
o o 
o o 
O CM 
o o 
E 
CO 
cn 
E 
CO 
c 
CO 
+J 
c 
o 
u 
- C U 
cn — 
co 
3 
>-
u 
X I 
CO 
cn 
ID 
co 
> 
< 
— i/i 
U t— 
O ID 
— O 
ID m 
O — ' 
CO 
cn 
ID 
u 
CO > < 
s_ 
ID 
— 
' E 
Ul 
CM 
r - ID 
X ) •— O 
CO ^—• 4-J 
> 
i_ c +J 
CO o c 
Ul Ul CO 
X I Ul 
o i_ 10 
ID > 
> •— 
cn 
l_ c c r 
ID — CO 
X ) 
E Ul 
o O ID 
+J \— 
4 - c 
C + CO 3 + ID + 10 X I 
- CO 
Ul u 
MO ID 
ID c n 
X ) CO 
^— O 
4 - • 
O c 
i- 10 
1- ID _ l 
co 4-> 
X ) Ul 4 -
E 3 o 
3 O 
C 1 +J 
1/1 c 
CO 1/1 CO 
X O +J 
+J c 
o 
CO E u 
»_ o 
ID o 
Ul + ^ 4 -CO + • — l/l X I 
CO 3 o ID 
X ^—^ CL ^— 
+J CM C ID o 
c 3 u U 
cu c n —^ . 
l_ X ) c 
ID ^— CO c CO 
CL 4 - ID 
i_ 4 - < c co o •4-1 • +J - J X 4 -
ID cn o 
l/l L. E . — 
CO Q. O a) X 
l_ u 3 +J 
3 E 4 - cn 
cn O + c .— i_ + u CO u. Li . + o 1— + + H r + 
M— 1/1 
CD 
X I X J 
+J 4-> 
<D 
O-
en ro 
c CO . c 
i_ 
Q - - D 
i/l c 
ro 
X I 
C Ol 
ro c 
i_ l_ 
CD O-
4-> in 
C 
•— c 
3 O 
» I/I 
c i_ 
E 3 
3 O 
4-1 x : 
3 
ro 4-J 
- C 
c O i 
, — 
1/1 
4-> ro . XI 
3 
X I O) 
o c 
CD •— 
L. 
X J 3 
CD X I 
. in 
ro CU 
4-> i_ 
i 3 
i_ 4-1 
ro ro 
m u 
0) 
14- D. 
o E 
CD 
4-> 
d< 
O ac vO CM. O • — LA , — r A 
4-> . 
U CO LA i n LA CM LA r A LA J -
ro 
U-
\ 
in 
^— 
ro 
U 
M 
CO ' 3 
X ) J " CO O CM LA -3" 00 VO 
ro O 
4-J O l J - • — • J " 00 vO LA 
C N v . r A r A r A CM w— CM CM 
• — I_ 
3 
o o 
— - C 
M-
L-
o 
ro 
(_> 
4-" 
CD . 
3 
ro X I 
CO 4-> O 
Ol C Ol 
ro — \ CT\ OO O o -* 00 J - VO s_ . - CO f - . o • — J -
CD — 1/1 
> ro 1— 
< 4-J ro 
O O 
4-> 
1/1 
1_ 
3 
• o 
O - c 3 
c X I 
4-" o 
co x : O l 
en r j i \ LA vo O OO • — CO LA 1— 
ro • - O l 
1_ •— c LA LA LA LA vO vO VD LA 
<D >. 
> ro X I 
< X I CO 
CO 
<4- 1+-
o 
<u ^ 
4J O 
COO 
l_ *—' r A r A r A i — OA . — r A r A 
4-1 • 
in Q- A A A + A + A A X I E 
3 CO 
</) 4-J 
Ol O l O l 
CO C c c 
X ) •— Q. Q. Q-
•— l_ ro 1_ ro u ro 
r - Q. CO Q. CO Q. CO 
l / l z l / l z l / l z 
CA r A r A CM CM CM 
X 
4-1 l_ i_ , 
c CO CO ... o X I X I 1_ 
z o E Q. 
4-> CO < u o 
o CO 
o 
X I 
CO 
> Ol 
L. LA 
CD CT\ 
in CM 
X I 
o 4J 
X 
Ol . 
l_ (0 
ro 3 
XI 
c 
O ro 
4-1 (0 
c 
3 
ro o 
X I 
4-> 
in " i 
>» XJ 
ro o 
X I O l 
-o CO 
Ol 
i_ ro 
CO 1_ 
X I 0) 
E > 
3 J? c 
CO c 
x : ro 
4-1 
14-
CO o 
i_ 
ro CO 
4-1 
in ro 
CO ce 
in 
CO u 
X 
4-1 ,— 
c o 
CO XI 
u • ro 
ro 4-1 
Q. CO 
SL 
C 
•— 1— 
l/l in 
CO ro 
u CQ 
3 
O l CO 
•— X 
n 
to o b t a i n more than about t w o - t h i r d s of t h e i r normal i n t a k e by day . 
At temperatures above 3 ° C , godwits i n g e s t e d food e q u i v a l e n t to j u s t 
o v e r 5 t imes t h e i r basa l energy requ i rements . I t i s not known what 
p r o p o r t i o n they a s s i m i l a t e d , though i t was presumably h i g h , a s f a e c a l 
output appeared s m a l l . 
k. Night f e e d i n g 
On one to t h r e e dark n i g h t s each month from e a r l y October to the end 
o f March d u r i n g t h r e e y e a r s . l walked both a long the t i d e - l i n e of HIS and 
a l s o p a r a l l e l to i t approx imate ly 200 metres u p s h o r e . T h i s was undertaken 
between I 2 and 3 hours be fore and a f t e r LW on both s p r i n g and neap t i d e s . 
On d i f f e r e n t n i g h t s , the same procedure was repeated a long the t i d e - l i n e 
between 3 and k hours before and a f t e r HW.on 11 o c c a s i o n s in December and 
J a n u a r y . As the s u b s t r a t e of the mudf la ts a d j a c e n t to the mainland i s 
v e r y s o f t , I walked a long t h i s t i d e - l i n e on ly t w i c e . The p r e s e n c e of 
godwits was noted by l i s t e n i n g f o r a la rm c a l l s when b i r d s were f l u s h e d , 
a l though o n l y v e r y q u a l i t a t i v e in format ion could be o b t a i n e d of the 
numbers p r e s e n t . A shaded t o r c h was used to examine the s u b s t r a t e f o r 
i n d i c a t i o n s of p r o b i n g . 
Dur ing the p e r i o d s of f u l l moon the same procedure was fo l lowed on 
a t l e a s t one n ight each month. By f a c i n g the moon, godwits cou ld be seen 
q u i t e e a s i l y a l though any items taken could not be o b s e r v e d , 
(a) Dark n i g h t s 
Few godwits were f l u s h e d from the t i d e - l i n e on dark n i g h t s in O c t o b e r , 
e a r l y November, February and March ,a l though no i n d i c a t i o n of b i r d s p r e s e n t 
on the Sand R i d g e , the c h i e f d a y l i g h t HW r o o s t i n g a r e a , was noted on two 
v i s i t s in October a t the t ime o f LW. A c o n s i d e r a b l y h i g h e r e s t i m a t e d 
p r o p o r t i o n of the t o t a l numbers p r e s e n t in December and January were 
thought to be a long the t i d e - l i n e i n t h e s e months. At l e a s t some were 
f e e d i n g . a s i n d i c a t e d by p r o b e - h o l e s in the s u b s t r a t e . No godwits were 
f l u s h e d from upshore of the t i d e - l i n e . 
n 
Godwits appeared to l e a v e f o r , and r e t u r n f rom, the HW r o o s t i n g a r e a s 
about an hour e a r l i e r and l a t e r , r e s p e c t i v e l y , than would be expected on 
s i m i l a r t i d e s dur ing d a y l i g h t . However, on the o n l y two co ld n i g h t s 
( s u b s t r a t e temperatures of about 0 and +1°C) when I was on the f l a t s , 
some b i r d s were p resen t a l o n g the t i d e - l i n e u n t i l the f eed ing a r e a s were 
covered and re turned to them a s soon a s they were u n c o v e r e d . At HW, the 
b i r d s tended to roost a t the t i d e - l i n e in s c a t t e r e d groups . More c a l l -
notes were heard a t n ight than d u r i n g d a y l i g h t . 
For par t of December and January i n the w i n t e r of 197^-75 I had the 
u s e of an image i n t e n s i f i e r , a n i g h t - v i e w i n g a p p a r a t u s , w h i l s t engaged in 
r e s e a r c h on d u c k s , geese and swans a t L i n d i s f a r n e . I n c i d e n t a l to t h i s 
work, I ob ta ined 103 minutes of o b s e r v a t i o n on i n d i v i d u a l godwits dur ing 
dark n i g h t s on H I S . These b i r d s were a l l f eed ing a long the t i d e - l i n e ; none 
were seen u p s h o r e . Al though no measurements of the number o f probes per 
minute were o b t a i n e d , the b i r d s appeared to be probing a t a f a s t e r r a t e 
than dur ing d a y l i g h t . In t h i s a r e a , where , d u r i n g the time o f my s t u d i e s 
on g o d w i t s , they would be expected to take a p p r e c i a b l e numbers of A r e n i c o l a 
in d a y l i g h t , a t l e a s t no l a r g e A r e n i c o l a were t a k e n . Only one l a r g e worm 
was c a p t u r e d , probably a Nerei s . (Large Nerei s tend to move more 
v i g o r o u s l y than A r e n i c o l a when f i r s t e x t r a c t e d from the s u b s t r a t e . ) The 
d i s t a n c e s a t which the b i r d s were observed w i t h the image i n t e n s i f i e r were 
too grea t to enab le swal lows to be s e e n . Presumably , the godwits were 
t a k i n g smal l i t e m s . B i r d s re turned to the f eed ing a r e a s a f t e r HW about 
an hour l a t e r than would be expected dur ing d a y l i g h t and some godwits were 
seen f e e d i n g a long the t i d e - l i n e on the mudf la ts a d j a c e n t to the m a i n l a n d , 
a g a i n w i th the a i d of the i m a g e - i n t e n s i f i e r . 
(b) Moon- l ight n i g h t s 
O b s e r v a t i o n s dur ing p e r i o d s of f u l l moon on HIS support those made 
on dark n i g h t s . A h igher e s t i m a t e d p ropor t ion of the t o t a l number of 
godwits p r e s e n t i n m i d - w i n t e r were f e e d i n g a long the t i d e - l i n e than in 
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autumn and l a t e w i n t e r . In m i d - w i n t e r , the numbers p resen t on the t i d e - l i n e 
were h i g h l y v a r i a b l e , probably due to w i l d f o w l e r s who were on the f l a t s 
i n c o n s i d e r a b l e numbers on moon- l ight n i g h t s . 
5 . D a i l y energy i n t a k e of c a p t i v e s 
The c a l o r i f i c c o n t e n t s of food ea ten by two c a p t i v e godwits a r e 
summarized in T a b l e 5 . Food was a v a i l a b l e o n l y dur ing d a y l i g h t h o u r s , a t 
a c a l o r i f i c content per i tem of 0 .12 K c a l s (Table 2 ) . Both c a p t i v e b i r d s 
had s l i g h t l y g r e a t e r energy i n t a k e s on c o l d than warm d a y s . 
The lean we ights of the c a p t i v e male and female g o d w i t s , 237 and 273 9» 
r e s p e c t i v e l y , were l e s s than the mean lean we ights of male (270 g) and 
female (319 g) b i r d s c o l l e c t e d throughout the w i n t e r a t L i n d i s f a r n e (Evans 
and Smith 1975) . Consequent ly the c a l c u l a t e d v a l u e s of t h e i r Basa l Me tabo l i c 
Rates a r e lower than the f i g u r e of 3^.1 K c a l s / d a y used in the c a l c u l a t i o n s 
in the p r e v i o u s s e c t i o n . ( T h i s f i g u r e was a p p r o p r i a t e to an " a v e r a g e 
godwit" of weight 295 g , s i n c e o b s e r v a t i o n s on feed ing r a t e s and food 
consumption were made on approx imate ly equal numbers of males and f e m a l e s ) . ) 
6 . E f f e c t s of wind and r a i n upon f e e d i n g 
Dur ing g a l e s , most godwits fed f o r 22 to 38 minutes longer (14 p e r i o d s 
of o b s e r v a t i o n ) than on calm days w i t h s i m i l a r s p r i n g and neap t i d e s . Most 
b i r d s were found feed ing on lee s h o r e s and a long the edges of s h e l t e r e d 
c h a n n e l s . Between 2k and 69 per cent of the t o t a l number of b i r d s counted 
on each day of g a l e s were feed ing upshore of the t i d e - l i n e , on wet a r e a s 
of s u b s t r a t e , whereas on calm days 8k to 90 per cent fed a long the t i d e -
l i n e . D i s t a n c e s between i n d i v i d u a l f e e d i n g godwits appeared s m a l l e r than 
on calm days but no q u a n t i t a t i v e data on feed ing behav iour were o b t a i n e d , 
c h i e f l y because i t was i m p o s s i b l e to hold t e l e s c o p e or b i n o c u l a r s s u f f i c i e n t l y 
s t i l l . 
Dur ing s e v e r e g a l e s , godwits were seen to spend a high p ropor t ion of 
t h e i r t ime l o a f i n g a t HW r o o s t s and on lee s h o r e s , a n d some a p p a r e n t l y fed 
o n l y around the t ime of m i d - t i d e . S u s t a i n e d p e r i o d s of o b s e r v a t i o n cou ld 
V 
u 
not be u n d e r t a k e n , so t h e s e i m p r e s s i o n s cannot be q u a n t i f i e d . 
On days of l i g h t r a i n no d i f f e r e n c e s were noted in the behav iour and 
feed ing l o c a t i o n s of the b i r d s from the s i t u a t i o n on dry d a y s . Dur ing 
heavy r a i n , however, a h i g h e r p ropor t ion fed upshore of the t i d e - l i n e a n d , 
a s dur ing g a l e s , the b i r d s seemed c l o s e r t o g e t h e r . Q u a n t i t a t i v e data 
were not c o l l e c t e d . 
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V DISCUSSION 
(1) The d i e t and time requ i red f o r feed ing 
On Holy I s l a n d Sands a t L i n d i s f a r n e , B a r - t a i l e d Godwits take c h i e f l y 
A r e n i c o l a marina and S c o l o p l o s a r m i g e r , the former predominat ing in biomass 
and energy c o n t e n t , the l a t t e r in numbers t a k e n . T h i s r a i s e s the q u e s t i o n 
whether godwits a r e s e l e c t i n g t h e s e two from amongst many p o t e n t i a l p r e y -
s p e c i e s , o r whether they a r e t a k i n g the most abundant prey w i t h i n t h e i r chosen 
feed ing h a b i t a t . In o t h e r a r e a s , l i m i t e d in fo rmat ion has been c o l l e c t e d 
r e c e n t l y on the d i e t of godwi ts . T h i s i s t a b u l a t e d below. 
Feeding l o c a l i t y 
Morecambe Bay , 
Lancash i re 
Dee e s t u a r y ( c e n t r a l 
p a r t ) , Cheshi re 
Teesmouth, C l e v e l a n d 
Waddenzee, 
Nether lands 
C h i e f prey 
b i v a l v e s , n e r e i d s , A r e n i c o 1 a 
Macoma ba11 h i ca 
Nerei s di v e r s i c o l o r , some 
A r e n i c o l a 
a n n e l i d s , Macoma 
The Wash ( e a s t e r n s i d e ) , Macoma, L a n i c e c o n c h i l e q a 
Norfo lk 
Authori ty 
P r a t e r (1970) 
N. E . Buxton 
( p e r s . comm.) 
Evans 
( p e r s . comm.) 
Rooth (1960) 
Boer £• Monsees (1967) 
J . D. G o s s - C u s t a r d 
( p e r s . comm.) 
These data suggest tha t godwits w i l l take a v a r i e t y of p r e y , c h i e f l y 
l a r g e p o l y c h a e t e s and b i v a l v e s , and that not a l l p r e y - s p e c i e s that might 
be taken a r e i n f a c t e x p l o i t e d in a g iven l o c a l i t y . For example , a l t h o u g h 
Macoma i s taken commonly in s e v e r a l p l a c e s , i t i s r a r e l y u t i l i z e d a t 
L i n d i s f a r n e . From in format ion on i n v e r t e b r a t e d e n s i t i e s in the d i f f e r e n t 
l o c a l i t i e s , i t appears that godwit d i e t s a r e not determined by the a b s o l u t e 
d e n s i t i e s of prey a v a i l a b l e , but r a t h e r by the r e l a t i v e abundance o f d i f f e r e n t 
p r e y . Morecambe Bay suppor ts a p p r e c i a b l e d e n s i t i e s of Areni c o l a (from 
2 0 - 1 0 0 / m 2 ; Anderson ( 1 9 7 2 ) ) , comparable w i t h those found in my study a r e a 
a t L i n d i s f a r n e (25 -30 /m 2 ) , yet A r e n i c o l a was not o f such o v e r r i d i n g importance 
in the d i e t o f godwits the re ( P r a t e r 1970) . However, d e n s i t i e s of Macoma 
were much h i g h e r on Morecambe Bay than a t L i n d i s f a r n e , reach ing 2000-4000/m 2 
in the h i g h e s t d e n s i t y z o n e s , by comparison w i t h a maximum of about 500/m 2 
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on Holy I s l a n d Sands (W.F. M i l l e r & A . T u r k , U n p u b l i s h e d ) . Macoma was a l s o 
much more w i d e l y d i s t r i b u t e d a t Morecambe than a t L i n d i s f a r n e . Hence the 
o c c u r r e n c e of a h i g h e r p ropor t ion of Macoma in the d i e t o f Morecambe Bay 
godwits i s e x p l i c a b l e i f they take the commonest s u i t a b l e p r e y . 
The p l a s t i c i t y of d i e t o f godwits emphasizes the need to p rov ide 
i n f o r m a t i o n on prey a v a i l a b i l i t y when d e s c r i p t i o n s of a v i a n d i e t s a r e 
p u b l i s h e d . I t i s most u n l i k e l y t h a t l o n g - d i s t a n c e migrants such a s godwits 
would s e l e c t prey of s p e c i f i c i d e n t i t y a t v a r i o u s p o i n t s a long t h e i r migra t ion 
r o u t e s . More p r o b a b l y , the i d e n t i t y of the prey taken i s determined by the 
type of cues to which the godwits respond w h i l e f o r a g i n g . Indeed, i f godwits 
sought p a r t i c u l a r p r e y , they would be r e s t r i c t e d in terms of p o t e n t i a l w i n t e r -
ing a r e a s to those e s t u a r i e s where those prey were a v a i l a b l e . T h i s would mean 
tha t godwits s p e c i a l i z i n g on A r e n i c o l a would be unable to use muddy e s t u a r i e s 
where t h i s prey was a b s e n t , even though v a r i o u s n e r e i d s were p r e s e n t . 
S p e c i a l i z a t i o n in f eed ing h a s , o f c o u r s e , been recorded in O y s t e r c a t c h e r s 
(Haematopus o s t r a l e g u s ) ( N o r t o n - G r i f f i t h s 1967)> but t h e s e a r e s h o r t - d i s t a n c e 
m i g r a n t s , and unusual amongst waders in that they feed t h e i r young, which 
a l l o w s the maintenance of s p e c i a l i z e d feed ing h a b i t s from g e n e r a t i o n to 
g e n e r a t i o n . 
In p l a c e s where a range of p o t e n t i a l p r e y - s p e c i e s i s a v a i l a b l e , the d i e t 
of a p r e d a t o r may change s e a s o n a l l y , a c c o r d i n g to changes in a b s o l u t e , and 
t h e r e f o r e r e l a t i v e , abundance of p o s s i b l e p r e y . Such changes may be 
c o n s i d e r a b l e . Anderson (1972) noted a 50 per cent reduc t ion in the d e n s i t i e s 
of Macoma on Morecambe Bay between autumn and the f o l l o w i n g s p r i n g , and 
G o s s - C u s t a r d et_. aj_. (197*0 demonstrated by use of an e x c l o s u r e a k3 per cent 
d e c l i n e in numbers of the s e d e n t a r y p o l y c h a e t e L a n i c e d u r i n g the c o u r s e of a 
w i n t e r . These d e c l i n e s may have been a t t r i b u t a b l e to p r e d a t i o n by w a d e r s , 
though Anderson b e l i e v e d a poor s p a t - f a l l of Macoma to have been r e s p o n s i b l e . 
At L i n d i s f a r n e , godwits may remove 26 per cent of the s t a n d i n g crop of 
A r e n i c o l a d u r i n g the w i n t e r (see Appendix I I ) . 
Whi le d i f f e r e n t s p e c i e s of prey may prov ide adequate d i e t s f o r g o d w i t s , 
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some prey may be c o n s i d e r a b l y b e t t e r than o t h e r s i f they prov ide a h i g h e r 
c a l o r i f i c re tu rn f o r each item o b t a i n e d . I f prey a v a i l a b i l i t y i s comparable , 
one would expect godwits to have to feed f o r a s h o r t e r t ime each day to 
s a t i s f y t h e i r energy requirements on a d i e t o f l a rge Aren? c o l a than on the 
s m a l l e r Nerei s . Data from Sea l S a n d s , Teesmouth (P. J . K n i g h t s , p e r s . comm.) 
enab le such a comparison to be made. The data a r e t a b u l a t e d below. 
Date 
October 
L o c a l i t y 
L i ndi s f a rne 
October 1973 S e a l Sands 
November 1973 1 1 1 1 
October 1974 " " 
November 1974 " " 
Prey_ 
Areni c o l a 
Nerei s 
11 
11 
Hours of f eed ing 
du r? nq d a y l i qht 
5 .5 ( s p r i n g t i d e s ) 
5 .6 (neap t i d e s ) 
7 .0 
7 .7 
5 .8 
7 .0 
Worms t a k e n / 
mi n 
K 2 
1.4 
1.2 
1.8 
1.4 
As may be s e e n , when prey a v a i l a b i l i t y a l lowed the same r a t e of c a p t u r e 
of worms a t the two l o c a l i t i e s , godwits had to feed f o r about 2 hours longer 
on a d i e t of Nerei s than on Areni c o l a . However, changes in prey a v a i l a b i l i t y 
a l s o a f f e c t the r a t e , and t h e r e f o r e the d u r a t i o n , o f f e e d i n g , a s the T e e s -
mouth f i g u r e s show. Nerei s dens? t i e s were h i g h e r in the autumn of 1974 than 
in autumn 1973 ( E v a n s , p e r s . comm.). 
The q u e s t i o n a r i s e s whether the godwits were f eed ing as f a s t a s they couk 
when prey a v a i l a b i l i t y was not l i m i t i n g the r a t e of food i n t a k e , tha t i s , 
a t temperatures above 3°C f o r Areni c o l a in my study a r e a . Food i n t a k e should 
be g r e a t e r in m i d - w i n t e r than a t warmer temperatures in autumn, yet the 
h o u r l y r a t e s of energy i n t a k e in October and December a t L i n d i s f a r n e were 
ve ry s i m i l a r (Tab le 4 ) , even though the hours of d a y l i g h t a v a i l a b l e f o r 
f e e d i n g were longer in October than December. T h u s , godwits would seem 
to be f e e d i n g as f a s t as they can so a s to minimize the t ime spent f e e d i n g . 
Heppleston (1971) c la imed that O y s t e r c a t c h e r s took l e s s musse ls (Myt i lus 
e d u l i s ) per hour in December than in O c t o b e r , f o r reasons unknown, but 
a s h i s January o b s e r v a t i o n s r e v e a l e d a f eed ing ra te i d e n t i c a l w i t h that in 
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O c t o b e r , i t i s d i f f i c u l t to r e j e c t the idea that b i r d s were f eed ing a s f a s t 
a s they cou ld in a l l months. 
(2) Seasona l changes in energy i n t a k e in the non-breed ing season 
The r e s u l t s in T a b l e k show that t h e r e were s l i g h t seasona l d i f f e r e n c e s 
in d a i l y energy i n t a k e which may be a t t r i b u t a b l e to s e v e r a l f a c t o r s . 
a ) Dur ing mou l t , m e t a b o l i c r a t e s , and o f t e n a l s o body t e m p e r a t u r e s , 
a r e r a i s e d to c o u n t e r a c t s u r f a c e heat l o s s e s when i n s u l a t i o n prov ided by 
plumage i s l e s s (Payne 1972) . 
b) R e s t i n g energy requirements must be h i g h e r in c o l d e r w e a t h e r , u n l e s s 
the thermoneutra1 zone i s very w i d e , w i th a lower c r i t i c a l temperature near 
f r e e z i n g p o i n t . 
c ) Energy i n t a k e must be h i g h e r than normal d a i l y requirements i f 
f a t i s to be s t o r e d f o r m i g r a t i o n o r as a m i d - w i n t e r r e s e r v e . 'Migratory 
f a t i s normal ly l a i d down very q u i c k l y ; the m i d - w i n t e r r e s e r v e s a r e gained 
more s l o w l y (King 1972) . One would t h e r e f o r e expect a marked i n c r e a s e in 
d a i l y energy i n t a k e c h i e f l y before m i g r a t i o n . 
When c o n s i d e r i n g the L i n d i s f a r n e r e s u l t s in terms of the above , i t 
should be noted t h a t the v a l u e s f o r d a i l y c a l o r i f i c i n t a k e s r e f e r to the 
hours of d a y l i g h t o n l y , and that the i n t a k e s in October and A p r i l a r e 
p o s s i b l y s l i g h t o v e r e s t i m a t e s , as d i s c u s s e d p r e v i o u s l y . In a d d i t i o n , the 
v a l u e s app ly to an " a v e r a g e " godwit , a compromise between a d u l t s and 
j u v e n i l e s , males and f e m a l e s . 
i ) Oc tober . In t h i s month, most j u v e n i l e s have f i n i s h e d moul t ing 
but those a d u l t s which have j u s t a r r i v e d , o r which a r r i v e d in August in 
breeding plumage, a r e s t i l l complet ing the moult (Evans & Smith 1975) . 
T h e r e f o r e , the v a l u e of d a i l y energy i n t a k e f o r the " a v e r a g e " godwit should 
be s l i g h t l y h i g h e r than " e x i s t e n c e e n e r g y " . Al though e s t i m a t e s f o r non-
p a s s e r i n e s a r e not a v a i l a b l e , in most moul t ing p a s s e r i n e s so f a r s t u d i e d , 
the m e t a b o l i c r a t e i n c r e a s e d from 5 to 30 per cent above the r a t e of non-
moul t ing b i r d s (Payne 1972) . Apart from t h i s c o m p l i c a t i o n , the v a l u e 
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obta ined should be c l o s e to the t r u e d a i l y energy requirement a p p r o p r i a t e 
to October t e m p e r a t u r e s , s i n c e a lmost a l l food was obta ined by day. 
i i ) December. Godwits fed a t n igh t in December much more than i n 
autumn o r s p r i n g , a l though the p ropor t ion o f the p o p u l a t i o n engaged in 
n i g h t - f e e d i n g cou ld not be de te rmined . I t appeared that they were not 
o b t a i n i n g A r e n i c o l a a t n i g h t , s o must have been i n g e s t i n g s m a l l e r p r e y - i t e m s , 
which would have produced a lower hour ly c a l o r i f i c i n t a k e . 
A l l o w i n g f o r the a d d i t i o n a l food i n g e s t e d a t n i g h t , godwits w i l l have 
taken s u b s t a n t i a l l y more than the dayt ime i n t a k e of 170 K c a l s dur ing each 
2k hours in December when temperatures were r e l a t i v e l y warm. Under t h e s e 
c o n d i t i o n s they cou ld ma in ta in weight and p o s s i b l y s t o r e a l i t t l e f a t in 
s p i t e of lower n igh t temperatures than in O c t o b e r . 
Dur ing c o l d days in December, however, the i n t a k e of godwits was 
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reduced to of tha t on warmer days (because of reduced a v a i l a b i l i t y of 
p r e y ; see Behav iour p a p e r ) . Yet the t o t a l energy requ i red should have been 
g r e a t e r than that ob ta ined dur ing the warmer d a y s . T h u s , i n t a k e a t n ight 
must have been of c r u c i a l impor tance . An i n d i c a t i o n of i t s ex ten t i s provided 
by c a l c u l a t i o n s based on changes in body c o m p o s i t i o n . During a per iod of 
5 c o l d days in December, 1970, the l i p i d index of a d u l t s and j u v e n i l e s f e l l 
by 1.3 and *t.O per c e n t , e q u i v a l e n t to l o s s e s of 5 and 20 g of f a t , 
r e s p e c t i v e l y (Evans and Smith 1975 ) . T h i s i n d i c a t e s that a d u l t s and 
j u v e n i l e s must have used up about 9 and 36 K c a l of f a t per d a y , r e s p e c t i v e l y . 
S i n c e t h e i r dayt ime food i n t a k e was about 110 Kca l on c o l d December d a y s , b y 
comparison w i t h 170 dur ing warm weather in December, they must have been 
a b l e to o b t a i n d u r i n g the c o l d weather minima of about 50 K c a l ( a d u l t s ) and 
25 K c a l ( j u v e n i l e s ) a t n i g h t , o v e r and above the normal n ight i n t a k e in 
warmer w e a t h e r . (These c a l c u l a t i o n s assume that the two age-groups a r e 
e q u a l l y e f f i c i e n t by d a y . ) The f i g u r e s suggest that a d u l t s may be a b l e to 
o b t a i n a lmost as much energy by n ight a s by day dur ing c o l d d a y s , yet wi thout 
t a k i n g A r e n i c o l a . I f they a r e so competent a t f eed ing by n ight on o t h e r p r e y , 
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why do they not take t h e s e by day? The probable e x p l a n a t i o n i s tha t godwits 
d e t e c t the p r e s e n c e of A r e n i c o l a vi s u a ! l y (by c a s t format ion) but t h i s i s not 
p o s s i b l e a t n i g h t , when p r e y - i t e m s must be d e t e c t e d c h i e f l y by t a c t i l e means. 
P o s s i b l y c e r t a i n prey such as Nerei s may a l s o change t h e i r behav iour to 
become more a v a i l a b l e by n ight (Vader 196*0. Low temperatures might p rov ide 
a h i g h e r p ropor t ion of lamel 1 i branchs in shorebi rd d i e t s , as P r a t e r (1970) 
repor ted that the s h e l l s gape as the adductor musc les r e l a x w i t h t o r p i d i t y , 
and a r e then f r e q u e n t l y washed to the s u r f a c e , where they would be more 
v u l n e r a b l e to p r e d a t i o n . 
During v e r y c o l d w e a t h e r , the f e e d i n g s i t u a t i o n becomes c r i t i c a l f o r 
w a d e r s . Data from one v e r y c o l d day ( s u b s t r a t e temperature -*f°C; T a b l e 15, 
Behaviour paper) can be used to c a l c u l a t e t h a t godwits could not have ob ta inec 
more than approx imate ly 15 K c a l dur ing d a y l i g h t h o u r s , by f eed ing ma in ly on 
S c o l o p l o s ( s i n c e no A r e n i c o l a a r e a v a i l a b l e a t such low t e m p e r a t u r e s ) ; 
presumably , they ob ta ined even l e s s by n i g h t . Two q u e s t i o n s a r e r a i s e d : do 
godwits " s i t out" c o l d s p e l l s , o r i f they e m i g r a t e , how soon do they l e a v e ? 
In m i d - w i n t e r about 12 per cent of t h e i r t o t a l body weight i s f a t (Evans 
and Smith 1975 ) , so they could s u r v i v e f o r about t h r e e days wi thout f o o d . 
C l e a r l y , they s t a y e d and l o s t f a t when temperatures f e l l to around 0°C (see 
e a r l i e r ) , but i n r e a l l y hard t i m e s , many may move. P i l c h e r (196*0 repor ted 
tha t dur ing the hard w i n t e r of 1962-63 on The Wash, where the c o l d s p e l l 
commenced on 26 December, godwit numbers had decreased n o t i c e a b l y e a r l y in 
January and tha t few were l e f t by the end o f the month; compared w i t h o t h e r 
wader s p e c i e s , few were found dead. However, Chapman (1907) wrote of 
godwits a t L i n d i s f a r n e that " i t i s in f a c t d u r i n g the hardes t weather and 
most p r o t r a c t e d f r o s t s of m i d - w i n t e r that godwits become most numerous". He 
may have meant " c o n c e n t r a t e d " , as I have noted tha t on ve ry c o l d days the 
b i r d s a r e r e s t r i c t e d to f eed ing a t the t i d e - l i n e i n those few a r e a s f r e e 
o f s l u s h and i c e , where indeed they seem numerous. 
I f the weather becomes v e r y c o l d , i t would be of s u r v i v a l v a l u e to move, 
31 
even i f tempera tures r i s e aga in r a p i d l y , s i n c e permanent damage may be done 
f o r a t l e a s t tha t w i n t e r to i n v e r t e b r a t e p o p u l a t i o n s . For i n s t a n c e , the 
i c e - w i n t e r s of the e a r l y 19^0 's s e v e r e l y reduced the p o p u l a t i o n s of Areni co 1 a 
and the b i v a l v e S c r o b i c u l a r i a p lana on the Wadden a r e a e a s t of the S k a l l i n g 
p e n i n s u l a (Smidt 19^0 . Indeed , S c r o b ? c u l a r i a p o p u l a t i o n s in Morecambe Bay 
were a p p a r e n t l y s t i l l r e c o v e r i n g in 1969 from the e f f e c t s of the s e v e r e 
w i n t e r of 1962-63 (Anderson, 1972) . A d d i t i o n a l l y , c o l d may s t i m u l a t e 
downshore m i g r a t i o n of some i n v e r t e b r a t e s . G o s s - C u s t a r d (197*0 n a s e v i d e n c e 
fo r movements in Macoma and Vader (1964; quot ing Verwey 1958) noted tha t 
the re were i n d i c a t i o n s tha t Nerei s and A r e n i c o l a attempted to migra te 
downshore in v e r y c o l d s p e l l s . I f such movements of i n v e r t e b r a t e s a r e 
e x t e n s i v e dur ing c o l d w e a t h e r , but the a n i m a l s r e t u r n upshore a s soon a s 
temperatures r i s e , then godwits might s u r v i v e b e t t e r by s t a y i n g than by 
moving dur ing shor t c o l d s p e l l s ; but no in fo rmat ion i s a v a i l a b l e on any 
re turn movements of the i n v e r t e b r a t e s . 
i i i ) A p r i l . Dur ing t h i s month the godwits s t u d i e d cou ld have been 
p r e p a r i n g f o r m i g r a t i o n . E v i d e n c e reviewed e l s e w h e r e s u g g e s t s tha t those 
p r e s e n t in Northumberland in A p r i l a r e c h i e f l y passage godwits (Evans 1966) 
or those which oversummer a t L i n d i s f a r n e , as most of the o v e r w i n t e r i n g b i r d s 
depar t by l a t e March. The passage b i r d s may not f l y f a r when they l e a v e 
L i n d i s f a r n e , a s godwits c o l l e c t e d in A p r i l had r e l a t i v e l y low f a t l e v e l s 
(Evans & Smith 1975) . T h e r e f o r e , the energy i n t a k e I measured in A p r i l i s 
probably not much above the e x i s t e n c e e n e r g y , p a r t i c u l a r l y s i n c e l i t t l e 
night f eed ing was r e c o r d e d . One would have expected to f i n d a h i g h e r d a i l y 
food in take j u s t p r i o r to the d e p a r t u r e of o v e r w i n t e r i n g g o d w i t s , a s i t i s 
w e l l documented f o r many p a s s e r i n e s ( e . g . K ing 1972) and a l s o f o r some 
waders (Pearson et a l . 1970; Minton 1973) tha t t h e i r we ights r i s e r a p i d l y 
before m i g r a t i o n . Such weight i n c r e a s e s a r e a t t r i b u t a b l e c h i e f l y to s t o r a g e 
of f a t to s e r v e as f u e l f o r the f l i g h t . 
To summarize, d u r i n g October and A p r i l godwits must have i n g e s t e d 
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enough energy to meet t h e i r d a i l y r e q u i r e m e n t s , and perhaps s l i g h t l y more, 
d u r i n g d a y l i g h t h o u r s . To do the same on warmer days in December, some 
n ight feed ing was r e q u i r e d , but t h i s may have become e x t e n s i v e dur ing c o l d 
weather i n that month. 
(3) The r e l a t i o n of food i n t a k e to b a s a l m e t a b o l i c ra te 
For i t s p r e d i c t i v e v a l u e , i t i s u s e f u l to know whether d i f f e r e n t s p e c i e s 
t a k i n g s i m i l a r types of prey r e q u i r e a normal d a i l y energy i n t a k e which i s 
an approx imate ly c o n s t a n t m u l t i p l e of t h e i r basa l m e t a b o l i c r a t e a t a g iven 
t ime of y e a r . Any such f a c t o r i s u n l i k e l y to be h i g h l y c o n s t a n t because 
of ( i ) d i f f e r e n c e s between s p e c i e s in f e e d i n g methods, which could lead to 
d i f f e r e n t amounts of energy being spent in f e e d i n g , and ( i i ) d i f f e r e n c e s in 
the e f f i c i e n c y o f a s s i m i l a t i o n of s i m i l a r p r e y . The l a t t e r e f f e c t i s l i k e l y 
to be o n l y s 1 i g h t . 
The October and A p r i l v a l u e s fo r d a i l y energy i n t a k e o f godwits i n d i c a t e 
a m u l t i p l e of approx imate ly 5 X BMR f o r energy ob ta ined dur ing d a y l i g h t 
h o u r s . Va lues in the l i t e r a t u r e f o r d a i l y food i n t a k e of o t h e r s p e c i e s of 
waders i n c l u d e v a r y i n g s o u r c e s and degrees of e r r o r s , c h i e f l y because they 
were by -p roduc ts of s t u d i e s des igned w i th o t h e r a i m s , and were ob ta ined a t 
d i f f e r e n t t imes of y e a r . U s i n g the data of Davidson (1968) and c a l o r i f i c 
or 
v a l u e s fo r c o c k l e s (Cardium e d u l e ) prov ided by Hu lscher (197*0 » the d a i l y 
c a l o r i f i c i n t a k e of O y s t e r c a t c h e r s may be c a l c u l a t e d as 6 . 8 t imes the BMR. 
Data from P r a t e r (1972) i n d i c a t e that Knot ( C a l i d r i s canutus ) , f e e d i n g ma in ly 
on Macoma, i n g e s t a maximum of 6 .7 X BMR,assuming t h a t t h e i r food i n t a k e a t 
n ight e q u a l s t h a t by day . P r a t e r thought t h a t Knot a c q u i r e d o n l y 25 per 
cent as much energy by n ight as by day but t h i s i s probably an u n d e r e s t i m a t e 
because Knot feed c h i e f l y by n o n - v i s u a l means. ( P r a t e r ' s f i g u r e would g i v e a 
f a c t o r X BMR of 3 . 8 . ) The m u l t i p l e X BMR f o r Redshank (T r inqa t o t a n u s ) 
f e e d i n g on the amphipod (Corophium v o l u t a t o r ) and Nerei s was c a l c u l a t e d by 
G o s s - C u s t a r d ( p e r s . comm.) a s k.6 to k.8. 
T h u s , waders may r e q u i r e k to 6 X BMR to s a t i s f y t h e i r d a i l y energy 
requirements a t d i f f e r e n t t imes o f y e a r . 
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I t i s o f i n t e r e s t to compare an herb ivorous s p e c i e s w i th w a d e r s . 
W h i t e - f r o n t e d Geese (Anser a l b i f r o n s ) , f e e d i n g upon g r a s s , i n g e s t e d 5.0 t ime 
t h e i r basa l energy requirements (Owen 1972) . However, the energy a s s i m i l a t e d 
undoubtedly d i f f e r s between herb ivorous and c a r n i v o r o u s b i r d s . Ebbinge 
e_t aj_. (1975) found a s s i m i l a t i o n e f f i c i e n c i e s of o n l y 33 .2 and 21 .7 per 
cent f o r c a p t i v e and f r e e - l i v i n g B a r n a c l e Geese (Branta l e u c o p s i s ) , 
r e s p e c t i v e l y , f e e d i n g on v a r i o u s g r a s s e s . At the o t h e r end of the t r o p h i c 
p y r a m i d c a p t i v e Grea t -horned Owls (Bubo vi r g i n l a n u s ) a s s i m i l a t e d 85 per cent 
of t h e i r mouse d i e t (Duke et^ aj_. 1973) . 
My c a p t i v e g o d w i t s , f eed ing on maggots, i n g e s t e d about 3 X BMR, a l l 
3 
d u r i n g d a y l i g h t h o u r s , about of tha t of f r e e - l i v i n g b i r d s . O y s t e r -
c a t c h e r s in c a p t i v i t y had an i n t a k e of i f .3 X BMR ( H u l s c h e r 197*0, but they 
were fed on musse ls w h i c h , a s in the w i l d , they had to open be fore they 
cou ld o b t a i n the f l e s h . Hence, i t i s not s u r p r i s i n g tha t they had to 
expend more e n e r g y , i n r e l a t i o n to BMR, and t h e r e f o r e body s i z e , than the 
godwits in c a p t i v i t y . 
The r e s u l t s from c a p t i v e godwits i n d i c a t e t h a t i f no a p p r e c i a b l e 
energy i s used f o r food g a t h e r i n g and f l y i n g to and from r o o s t s , then 
an energy i n t a k e of o n l y 3 X BMR i s r e q u i r e d . T h u s , the c o s t o f food 
g a t h e r i n g appears to be about 2 X BMR, a lmost a s much as that o f keeping 
a l i v e . 
34 
VI REFERENCES QUOTED IN THE ECOLOGY PAPER AND IN APPENDIX II 
A n d e r s o n , S . S . (1972) The eco logy of Morecambe Bay. I I . S t u d i e s on the 
i n t e r t i d a l i n v e r t e b r a t e s of Morecambe Bay and f a c t o r s a f f e c t i n g t h e i r 
d i s t r i b u t i o n . J . a p p l . E c o l . 9 , 161-78. 
B o e r , P. J . & Monsees, G. R. (1967) A v i f a u n i s t i s c h o v e r z i c h t van het 
Balgzand en e n k e l e omliggende t e r r i n e n . Limosa , 188-205. 
Chapman, A . (1907) B i r d l i f e of the B o r d e r s . 2nd E d i t i o n . London & . 
Edinburgh: Gurney & J a c k s o n . 
D a v i d s o n , P. E . (1968) The O y s t e r c a t c h e r - A pest of s h e l 1 - f i s h e r i e s . 
The Problems of B i r d s as P e s t s ( E d . by R . K . Murton & E . N. W r i g h t ) , 
pp . 1^1-155. Academic P r e s s , London. 
Duke, G. E . , C i g a n e k , J . G. & E v a n s o n , 0 . A . (1973) Food consumption and 
e n e r g y , w a t e r , and n i t r o g e n budgets in c a p t i v e Great -Horned Owls 
(Bubo vi r g i n i a n u s ) . Comp. Biochem. P h y s i o l . kkh, 2 8 3 - 9 1 . 
E b b i n g e , B . , C a n t e r s , K . , & D r e n t , R. (1975) F o r a g i n g r o u t i n e s and e s t i m a t e d 
d a i l y food i n t a k e in B a r n a c l e Geese Branta leucops i s w i n t e r i n g in the 
nor th N e t h e r l a n d s . Wildfowl 2 6 , in p r e s s . 
E v a n s , P. R. (1966) Wader m i g r a t i o n in N o r t h - e a s t E n g l a n d . T r a n s . Nat . 
H i s t . S o c . o f Northumberland, Durham and Newcast le upon Tyne 16, 126-51 . 
E v a n s , P. R. & S m i t h , P. C . (1975) S t u d i e s of s h o r e b i r d s a t L i n d i s f a r n e , 
Northumberland. I I . Fat and p e c t o r a l muscle a s i n d i c a t o r s of body 
c o n d i t i o n in the B a r - t a i l e d Godwit . Wi ldfowl 2 6 , in p r e s s . (Reproduced 
a s Appendix I I I to t h i s t h e s i s ) . 
G o s s - C u s t a r d , J . D. (1966) The feed ing eco logy of Redshank (T r inqa to tanus L 
in w i n t e r on the Ythan E s t u a r y , A b e r d e e n s h i r e . Unpubl ished P h . D . t h e s i s 
U n i v e r s i t y of Aberdeen. 
G o s s - C u s t a r d , J . D. (1969) The w i n t e r f e e d i n g eco logy of the Redshank 
T r i n q a t o t a n u s . I b i s I I I , 338 -56 . 
G o s s - C u s t a r d , J . D. (1973) C u r r e n t problems in s t u d y i n g the f e e d i n g eco logy 
of e s t u a r i n e b i r d s . C o a s t a l Eco logy R e s e a r c h Paper No. k, p p . 3 3 . 
35 
G o s s - C u s t a r d , J . D . , Jenyon , R. A . , J o n e s , R. E . , Newberry, P. E . & 
W i l l i a m s , R. B. (197*0 Report of wader and she lduck f e e d i n g s t u d i e s 
on The Wash. Unpubl ished I . T . E . Repor t . 
Hancock, D. A. & U r q u h a r t , A. E . (1965) The d e t e r m i n a t i o n of n a t u r a l 
m o r t a l i t y and i t s c a u s e s in an e x p l o i t e d popu la t ion of C o c k l e s 
(Cardium e d u l e L . ) F i s h e r y I n v e s t . , Lond. , S e r I I , 24.40 pp. 
Hepp les ton , P. B. (1971) The feed ing eco logy of O y s t e r c a t c h e r s (Haematopus 
o s t r a l e g u s L . ) in w i n t e r in nor thern S c o t l a n d . J . Anim. E c o l . 4 0 , 651-72 
H u l s c h e r , J . B. (1974) An exper imenta l study of the food i n t a k e of the 
O y s t e r c a t c h e r Haematopus o s t r a l e g u s L . in c a p t i v i t y d u r i n g the summer. 
Ardea 62 , 155-70. 
I n g v a r s s o n , S . (1972) S t u d i e s on the b i v a l v e Macoma b a l t h i c a . Unpubl ished 
M.Sc. t h e s i s , U n i v e r s i t y of Durham. 
K a j a k , K . , Dusoge, K. & P r e j s . A . (1968) A p p l i c a t i o n of the f l o t a t i o n 
techn ique to assessment of a b s o l u t e numbers of ben thos . E k o l o g i a 
P o l s k a - S e r i a A 16, 6 0 7 - 1 9 . 
K i n g , J . R. (1972) Adapt ive p e r i o d i c f a t s t o r a g e by b i r d s . P r o c . 15th I n t . 
Orn . C o n g r e s s , 2 0 0 - 1 7 . 
K i n g , J . R. & F a r n e r , D. S . (1959) Premigra tory changes in body weight and 
f a t in w i l d and c a p t i v e male White-crowned Spar rows . Condor 6 1 , 315-24 . 
L a s i e w s k i , R. C . & Dawson, W. R. (1967) A r e - e x a m i n a t i o n of the r e l a t i o n 
between s tandard m e t a b o l i c r a t e and body weight in b i r d s . Condor 6 9 , 
13 -23 . 
Minton, C . D. T . (1973) Seasonal v a r i a t i o n in the we ights of waders on The 
Wash. Wash Wader R ing ing Group Report 1971/72 (mimeographed). 
N e w e l l , G. E . (1948) A c o n t r i b u t i o n to our knowledge of the l i f e h i s t o r y 
of A r e n i c o l a m a r i n a . J . mar. b i o l . A s s . U.K. 17, 554 -80 . 
N o r t o n - G r i f f i t h s , M. (1967) Some e c o l o g i c a l a s p e c t s of the f eed ing behav iour 
of the O y s t e r c a t c h e r Haematopus o s t r a l e g u s on the E d i b l e Mussel M y t i l u s 
e d u l i s . I b i s 109, 412 -24 . 
36 
Owen, M. (1972) Some f a c t o r s a f f e c t i n g food i n t a k e and s e l e c t i o n i n W h i t e -
f r o n t e d Geese . J . •• Anim. E c o l . 4 1 , 7 9 - 9 2 . 
Payne , R. B. (1972) Mechanisms and c o n t r o l of mol t . In Av ian B i o l o g y V o l . 2 
( E d . by D. S . F a r n e r & J . R. K i n g ) , pp. 103-55. Academic P r e s s . 
P e a r s o n , D. J . , P h i l l i p s , J . H. & B a c k h u r s t , G. C . (1970) Weights of some 
p a l a e a r c t i c waders w i n t e r i n g in Kenya . I b i s 112, 199-208. 
P i l c h e r , R. E . M. (1964) E f f e c t o f the c o l d weather of 1962-63 on b i r d s 
of the nor th c o a s t of The Wash. Wildfowl T r u s t 15th Ann. Rep. 2 3 - 2 6 . 
P r a t e r , A. J . (1970) S t u d i e s of the food and feed ing h a b i t s of some wader 
s p e c i e s in Morecambe Bay. Morecambe Bay B a r r i a g e F e a s i b i l i t y Study: 
B i o l o g i c a l A s p e c t s . Report to NERC, Appendix E . 
P r a t e r , A . J . (1972) The eco logy of Morecambe Bay. I I I . The food and feed ing 
h a b i t s of Knot ( C a l i d r i s canutus L . ) in Morecambe Bay. J . a p p l . E c o l . 
9 , 179-94. 
P r a t e r , A . J . (197*0 BT0/RSPB B i r d s of E s t u a r i e s E n q u i r y . Report f o r 
1972-73 . T r i n g : B r i t i s h T r u s t f o r O r n i t h o l o g y . 
Rooth, J . (1960) ; quoted by P r a t e r , A . J . (1970) - not seen in the o r i g i n a l . 
Smid t , E . L . B. (1944) The e f f e c t s of i c e w i n t e r s on marine l i t t o r a l 
f a u n a s . F o l i a Geographi c a / Dani ca 2: 5 -36 . 
Swennen, C . ( 1 9 7 0 Het voedse l van de groenpootrui t e r T r i n g a n e b u l a r i a 
t i j d e n s het v e r b l i j f i n het Neder landse Waddengebied. Limosa 4 4 , 7 1 - 8 3 . 
Vader , W. J . M. (1964) A p r e l i m i n a r y i n v e s t i g a t i o n in to the r e a c t i o n of 
the in fauna of t i d a l f l a t s to t i d a l f l u c t u a t i o n s in water l e v e l . 
Neth . J . Sea R e s . 2 , 189-222 . 
37 
The Feeding Behaviour of the B a r - t a i l e d Godwit 
I INTRODUCTION 
To s u r v i v e a w i n t e r ' s day , an a v i a n o r mammalian p r e d a t o r must o b t a i n , 
on a v e r a g e , enough energy from i t s food to b a l a n c e tha t needed to m a i n t a i n 
i t s body temperature and expended to cap tu re i t s p r e y . In s imple p r e d a t o r -
prey s i t u a t i o n s , the prey a r e a lways a v a i l a b l e to the p reda to r i f o n l y the 
l a t t e r can d e t e c t them; the prey e s c a p e d e t e c t i o n by c r y p s i s , o r by 
immobi l i ty i f d i s t u r b e d . In a more complex s i t u a t i o n , such a s the one to 
be c o n s i d e r e d in t h i s paper , the prey a r e a v a i l a b l e to the p reda to r o n l y 
o c c a s i o n a l l y , and even then can e s c a p e c a p t u r e by moving out of reach i f 
d i s t u r b e d . The study reported here was aimed to f i n d out how the behaviour 
of a l a r g e s h o r e b i r d , the B a r - t a i l e d Godwit Limosa l a p p o n i c a , was adapted 
to enab le i t to e x p l o i t e f f e c t i v e l y i t s main p r e y , the p o l y c h a e t e worms 
Areni c o l a mari na , S c o l o p l o s armi qer and Nerei s d i v e r s i c o l o r . Most a t t e n t i o n 
was pa id to the i n t e r a c t i o n s between godwits and Areni c o l a , s i n c e t h i s prey 
was l e s s r e a d i l y a v a i l a b l e to the b i r d s than the o t h e r two s p e c i e s , yet 
formed the most important component of the d i e t in e n e r g e t i c t e r m s . 
As w i l l be shown, the a v a i l a b i l i t y of Areni c o l a i s i n f l u e n c e d by a 
wide v a r i e t y o f i n t e r - r e l a t e d f a c t o r s , among the most important being the 
temperature and wetness of the sandy s u b s t r a t e in which the worms l i v e . 
Changes in the behav iour of A r e n i c o l a a r e accompanied by changes in the 
f e e d i n g behav iour of the g o d w i t s , p a r t i c u l a r l y in terms of the s i z e of the 
a r e a s e a r c h e d by an i n d i v i d u a l in u n i t t i m e , and i t s p r o x i m i t y to o t h e r 
feed ing g o d w i t s . As godwits normal ly feed i n f l o c k s , in format ion was a l s o 
c o l l e c t e d r e l e v a n t to the d i f f e r e n t hypotheses of the s u r v i v a l v a l u e of 
f l o c k i n g ( c f . Murton 1971a; L a z a r u s 1 9 7 2 ) , and i t w i l l be shown that b i r d s 
in f l o c k s both feed more s u c c e s s f u l l y and s tand l e s s chance of being taken 
by b i r d s of prey than b i r d s feed ing s i n g l y . 
A l though the major aim of the s tudy was to i n v e s t i g a t e a d a p t a t i o n s of 
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the behav iour of a p reda to r to the behaviour of i t s p r e y , the p reda to r 
chosen was s e x u a l l y d i m o r p h i c , w i t h females l a r g e r than m a l e s , a s in most 
wading b i r d s and more e s p e c i a l l y in b i r d s of p r e y . T h i s n e c e s s i t a t e d 
s e p a r a t e study of the f eed ing behaviour of male and female godwits to f i n d 
out whether , and i f so how, dimorphism reduced compet i t ion between the 
sexes a t those t imes of y e a r when s u r v i v a l was most d i f f i c u l t . V a r i o u s 
hypotheses of the advantages of sexua l dimorphism have been c o n s i d e r e d by 
Reynolds ( 1 9 7 2 ) , p a r t i c u l a r l y as they app ly to b i r d s of p r e y , and they a r e 
d i s c u s s e d f u r t h e r here in the l i g h t of my o b s e r v a t i o n s of the behav iour of 
g o d w i t s , e s p e c i a l l y in ve ry co ld weather when prey a v a i l a b i l i t y was reduced 
s e v e r e l y . 
I I STUDY AREA 
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Two study s i t e s were l o c a t e d on the L i n d i s f a r n e Nat iona l Nature 
Reserve (see Ecology s e c t i o n I I f o r genera l d e s c r i p t i o n ) in nor th Northumber-
l a n d , one on Holy I s l a n d Sands (HIS) and the o t h e r a t Sandon Bay ( S B ) . 
The study a r e a on HIS comprised a s t r i p of s a n d f l a t s kOO and 200 m 
wide a t the top and bottom, r e s p e c t i v e l y , ex tend ing downshore from j u s t 
below the high water mark f o r 950 m to the edge of a major channel ( F i g . 1 ) . 
A s m a l l e r d r a i n a g e channel ran f o r about 580 m of i t s l e n g t h . The s u b s t r a t e 
c o n s i s t e d of wet and dry a r e a s of s a n d . Dry a r e a s were s l i g h t l y h igher in 
e l e v a t i o n . The i n v e r t e b r a t e fauna c o n s i s t e d main ly of the p o l y c h a e t e s 
S c o l o p l o s armiger and A r e n i c o l a m a r i n a , one c i r r a t u l i d s p e c i e s , o l i g o c h a e t e s 
and the b i v a l v e Macoma b a l t h i c a . The s u b s t r a t e was r e l a t i v e l y s t a b l e dur ing 
the t h r e e w i n t e r s of study (1970 -71 , 1971-72 , 1972-73) a l though Z o s t e r a 
n o l t i ? began to encroach onto par t of the western s i d e of the a r e a between 
the second and t h i r d w i n t e r s ; a l s o , d u r i n g the autumn of 1972,two smal l 
shel1 banks formed. 
Sandon Bay , d i r e c t l y exposed to the North Sea ( F i g . 1 ) , c o n s i s t s of 
a s t r e t c h of about 500 m of sandy beach b i s e c t e d in the middle by a bar 
of b a s a l t i c rock . Both the topography and the d e n s i t i e s of the i n v e r t e b r a t e 
f a u n a , comprised main ly of o l i g o c h a e t e s and the p o l y c h a e t e s N e r e i s d i v e r s i c o l o r 
and A r e n i c o l a m a r i n a , changed f r e q u e n t l y dur ing autumn and w i n t e r onshore 
g a l e s . 
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F i g . 1 The study a r e a a t L i n d i s f a r n e , Northumberland 
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I I I DESCRIPTION OF FEEDING BEHAVIOUR 
B a r - t a i l e d Godwits u s u a l l y feed in f l o c k s w h i l s t wa lk ing b r i s k l y back 
and f o r t h p a r a l l e l and c l o s e to the t i d e - l i n e . Of ten they feed in water to 
a depth where even t h e i r backs a r e c o v e r e d ; however, some feed upshore of 
the t i d e - l i n e , on wet r a t h e r than dry a r e a s of s u b s t r a t e . B i r d s walk 
q u i c k l y over dry s u b s t r a t e s , probing l e s s f r e q u e n t l y than on wet a r e a s . 
They d e t e c t t h e i r prey by both v i s u a l and t a c t i l e methods, but c h i e f l y 
the former . U s u a l l y , a godwit i n s e r t s i t s b i l l s h a l l o w l y in to the s u b s t r a t e 
in a s e r i e s of t r i a l p r o b e s , but upon d e t e c t i o n of a p r e y - i t e m the b i l l i s 
i n s e r t e d to f u l l l e n g t h . S e v e r a l deep probes a r e o f t e n r e q u i r e d to e x t r a c t 
a l a r g e p r e y - i t e m ; dur ing t h e s e , the b i r d p i v o t s around the h o l e . S m a l l e r 
p r e y - i t e m s a r e swallowed w h i l e the b i l l i s s t i l l i n s e r t e d in the s u b s t r a t e 
(godwit th roa t movements a r e observed e a s i l y ) . Large worms a r e o f t e n washed 
b e f o r e . b e i n g swa l lowed . S t i t c h i n g , a s e r i e s of ve ry rap id s h a l l o w p r o b e s , 
i s i n f r e q u e n t l y u s e d . S w i s h i n g , i . e . l a t e r a l movements of the b i l l through 
the s u b s t r a t e , was not seen at L i n d i s f a r n e , where most godwits feed on 
sandy s u b s t r a t e s . 
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IV GENERAL METHODS 
On H I S , o b s e r v a t i o n s were made c h i e f l y from h i d e s , l e f t in p l a c e from 
e a r l y autumn to l a t e s p r i n g , c o n s t r u c t e d from s t raw b a l e s wrapped in c h i c k e n 
w i r e and s taked to the s u b s t r a t e . O b s e r v a t i o n s were a l s o made on HIS by 
approaching the b i r d s on foot as c l o s e l y as p o s s i b l e . At S B , o b s e r v a t i o n s 
were made from the sand dunes p a r a l l e l to the b e a c h . A t e l e s c o p e (X20-X40) 
and b i n o c u l a r s (10 X 50) were used to o b s e r v e the b i r d s from ranges between 
30 and 200 m. O b s e r v a t i o n s were timed by s top w a t c h e s . Data were recorded 
on tape and t r a n s c r i b e d l a t e r . I t was d i f f i c u l t to a c q u i r e d e t a i l e d 
data from i n d i v i d u a l s in f l o c k s of more than 3 0 , s o , in g e n e r a l , o b s e r v a t i o n s 
of l a r g e r f l o c k s were not made. U n l e s s o t h e r w i s e n o t e d , the numbers of males 
and females in a f l o c k under o b s e r v a t i o n were approx imate ly equal and data 
on b i r d s - o f - t h e - y e a r a r e e x c l u d e d . S u b s t r a t e temperatures a t a depth of 
3 cm were taken to the n e a r e s t 0 .5°C be fore and a f t e r a per iod of o b s e r v a -
t i o n which extended fo r between kO and 100 m i n u t e s . 
Appendix I I should be r e f e r r e d to f o r d e t a i l s of i n v e r t e b r a t e s a m p l i n g . 
Terms used in d e s c r i p t i o n of f eed ing behav iour ,and the sequence of 
o b s e r v a t i o n s , 
a ) Probes and items taken per minute . S e l f - e x p l a n a t o r y . A l l probes 
d i r e c t e d at one i tem were i n c l u d e d . 
b) Nearest ne ighbour . Nearest neighbour i s the d i s t a n c e between the 
observed b i r d and i t s n e a r e s t neighbour and was determined by u s i n g b i r d -
length as a measure . (One b i r d - l e n g t h , head to t a i l , e q u a l s 25 cm; male 
and female a r e of about equal l e n g t h , e x c l u d i n g b i 1 1 - l e n g t h ) . O b s e r v a t i o n s 
on n e a r e s t neighbour were made immediately before and a f t e r each minute 
of o b s e r v a t i o n of probing and items taken ,and a f t e r each minute of o b s e r v a -
t ion of the a r e a s e a r c h e d . These t h r e e o b s e r v a t i o n s were made f o r each 
b i r d in each sequence of o b s e r v a t i o n s . 
c ) Area s e a r c h e d . The a r e a searched i s d e f i n e d as the minimum a r e a 
t r a v e r s e d by a b i r d in u n i t t ime . T h i s a r e a and i t s shape were determined 
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by o b s e r v i n g the b i r d fo r one minute and r e c o r d i n g the number of b i r d -
lengths the godwit t r a v e l l e d in i t s main d i r e c t i o n of movement and the 
number of d e v i a t i o n s made from the l a t t e r . The a n g l e of each d e v i a t i o n 
from the b i r d s ' main d i r e c t i o n of movement was e s t i m a t e d to the n e a r e s t 
10 d e g r e e s . S u b s e q u e n t l y , t h e s e data were p l o t t e d on graph paper w i t h a 
p r o t r a c t o r to determine the a r e a searched and i t s o u t l i n e shape . 
d) F l o c k l o c a t i o n and f l o c k shape . The l o c a t i o n of the f l o c k and i t s 
o u t l i n e shape were noted in r e l a t i o n to the t i d e - l i n e . The length of the 
f l o c k was determined w i t h r e f e r e n c e to s e r i e s of s t a k e s p l a c e d a t 25 m 
i n t e r v a l s a long a s u c c e s s i o n of p o s i t i o n s of the t i d e - e d g e . The breadth 
o f the f l o c k was e s t i m a t e d by eye in r e l a t i o n to the t i d e - l i n e and the 
po in t at which the b i r d s were ' k n e e - d e e p 1 in w a t e r . The p ropor t ion of 
b i r d s ' a t the t i d e - l i n e ' and 'beyond the t i d e - l i n e ' was no ted . B i r d s 
upshore of the t i d e - l i n e o r wading in not more than ' k n e e - d e p t h ' o f 
water a r e d e s c r i b e d as ' a t the t i d e - l i n e ' and those wading over knee-depth 
a s 'beyond the t i d e - l i n e ' . These d a t a , toge ther w i t h n e a r e s t - n e i g h b o u r 
d i s t a n c e s and o u t l i n e s k e t c h e s of the f l o c k enabled a d e s c r i p t i o n to be made 
o f the f l o c k : i t s l o c a t i o n , shape and the d i s t r i b u t i o n of b i r d s w i t h i n i t . 
T h i s in format ion was c o l l e c t e d be fore and a f t e r each per iod of o b s e r v a t i o n 
o f f eed ing b e h a v i o u r . 
e ) A g o n i s t i c b e h a v i o u r . I n t r a - and i n t e r s p e c i f i c i n t e r a c t i o n s between 
b i r d s were noted f o r one o r two minutes before and a f t e r each per iod of 
f e e d i n g b e h a v i o u r . A l l the b i r d s in the f l o c k (or as many as p o s s i b l e ) 
were observed s i m u l t a n e o u s l y . The number of each of t h r e e c a t e g o r i e s of 
e n c o u n t e r , as we l l as the o v e r a l l number of b i r d s under o b s e r v a t i o n , were 
r e c o r d e d . The p r o b a b i l i t y of encounter was c a l c u l a t e d by e x p r e s s i n g the 
number of encounters ( including the number of b i r d s i n v o l v e d in each 
encounter ) as a p ropor t ion of the number of b i r d minutes o b s e r v e d . 
In summary, the o v e r a l l sequence of each o b s e r v a t i o n a l per iod was: 
1) f l o c k l o c a t i o n and f l o c k shape; 2) a g o n i s t i c behav iour ; 3) f eed ing 
behav iour i n c l u d i n g the number of probes and i tems taken per minute , 
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search a rea , and i t s shape, and nearest-neighbour distances of individual 
b i rds; k) agonis t ic behaviour; 5) f lock location and f lock shape. 
The s p e c i f i c sequence of feeding behaviour of individual birds 
observed was: 1) one observation of nearest-neighbour distance; 2) one 
minute of observation of probes and items taken; 3) one observation of 
nearest neighbour d is tance; 4) one minute on search area and search shape; 
5) one observation of nearest -ne ighbourd is tance . 
Additional methods and def in i t ion of terms are included in the 
text when required. 
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V SEXUAL DIMORPHISM IN RELATION TO FEEDING BEHAVIOUR 
Bar - ta i l ed Godwits show sexual dimorphism not only in weight (Evans 
and Smith 1975) but a lso in b i l l - and leg-length (Table 1) . Dimorphism 
is most pronounced in b i l l - l e n g t h , that of females being about 25 per cent 
longer than that of males. In th is section I sha l l show that th is dimorphism 
is associated with di f ferences in the behaviour of feeding godwits. 
1) Methods 
Data were co l lected during both flood and ebb t ides on HIS, but only 
during flood t ides at SB as the birds were slow to return there a f te r 
roosting during the high water period. 
On HIS, observations were made in the same area during both flood 
(High water + 85-IO hours) and ebb (HW + 3 - ^ 2 ) t i d e s . The godwits fed 
mainly on Arenicola marina which was present at dens i t ies ranging from 
25.0 to 31.2 m2. Data were col lected from kO f l o c k s , each of between 
9-32 b i rds . Twenty f locks (5 of females only, 7 of males only, and 8 
containing about equal numbers of both sexes) were watched on the flood t ide 
and the other 20 (k of females only , 7 of males only and 9 with an approx-
imately equal d iv is ion of the sexes) on the ebb t ide . 
At SB (an unstable sea-beach exposed to the North Sea) , a zonation of 
the major prey-species of godwits occurred in 2 of the 3 f ie ld -seasons 
during the ear ly autumn months. Observations were made at the south-
eastern end of the bay between HW + 7-8 when the birds fed c h i e f l y on 
Nerei s d ivers i color and between HW + 8J-SJ when they fed at higher t ida l 
levels on Areni cola mar? na. At thi s si t e , Nerei s and Areni cola dens i t ies 
ranged from 850 - 1100/m2 and 11-16/m 2 respect ive ly in the zone where each 
species predominated. Since f locks of godwits fed by walking several tens 
of metres back and forth along the moving t i d e - l i n e , the wide local 
var ia t ions in Nereis densi t ies should not be of s i g n i f i c a n c e . Twelve f locks 
were observed in the Nerei s zone: k of females only , k of males only and k 
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Table 1. B i l l and tarsus lengths (mm) of adult Bar - ta i l ed Godwits 
co l lec ted at L ind is fa rne . 
Ma les 
Females 
Number of 
Bi rds 
Bi 11 Tarsus 
39 
34 
81.0 + 0.56 
101.1 + 0.79 
43.9 + 0.32 
48.3 + 0.42 
Figures quoted are Means + Standard e r ror . B i l l length 
was measured from the feathers to the t ip of the upper 
mandible, tarsus from the proximal end of the t i b i o - t a r s u s 
to the ha l lux . 
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containing about equal numbers of both sexes. Nineteen f locks (5 of females 
on ly , 6 of males only and 8 with approximately equal numbers of the two 
sexes) were observed in the Areni cola zone. In both zones the f locks 
contained 7 to 12 b i rds . 
Observational periods of 40-80 minutes were divided into successive 
in terva ls of 10 minutes. During the f i r s t of these.the locations of birds 
were noted every 30 seconds,and during the second,probing and items taken/ 
min S>y individual birds were measured; the sequence was then repeated. Two 
categories of feeding location (as previously described)were dist inguished: 
'at the t i d e - l i n e ' and 'beyond the t i d e - l i n e ' . 
A l l data were col lected on calm days with substrate temperatures above 
3°C, as on very windy days and at lower temperatures Areni cola form casts 
(the cue to which godwits respond to capture th is prey) less frequently. 
The analyses which follow concentrate on sexual d i f ferences in feeding 
locations and in the probes and items taken per minute by birds feeding on 
the s ing le main prey-species on HIS during flood and ebb t ides and on the 
two pr incipal prey-species at SB during the flood t ide only. 
2) Results 
The data from godwits feeding on Arenicol a on HIS are summarized in 
Tables 2 and 3. In most cases the data are analysed s t a t i s t i c a l l y , b y 
Student's t - t e s t , o n l y for mixed-sex f l o c k s , a s most f locks observed (161 out 
of 200; 80.5 per cent) contained birds of both sexes. 
During flood t ides males showed a marked tendency to feed 'at the t i d e -
l ine', whether in s i n g l e - or mixed-sex f l o c k s , while more females fed'beyond 
the t i d e - l i n e ' . This di f ference was more marked in mixed-sex f locks where 
21 as against 68 per cent of males and females, respect ive ly , fed 'beyond 
the t i d e - l i n e ' . Whereas females were equally successful in obtaining prey 
in both loca t ions , males probed less and were less successful 'beyond the 
t i d e - l i n e ' (p<0.05). 
On ebb t i d e s , both sexes fed c h i e f l y 'at the t i d e - l i n e ' , although 
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Table 2. Feeding locations of male and female Bar - ta i l ed Godwits 
feeding on Aren?cola in f locks of d i f ferent sex rat io 
during the flood and ebb t ides on Holy Island Sands. 
Single-Sex Flock Mixed-Sex Flock 
Flood Tide 
Males 
At t i d e - l i n e 
Beyond t i d e - l i n e 
76% 
24 (3480)* 
79% 
21 (5260) 
Females 
At t ide-1i ne 
Beyond t ide-1 ine 
Males 
At t i d e - l i n e 
Beyond t ide-1 ine 
kk% 
56 
88% 
12 
(2280) 
Ebb 
(3830) 
32% 
68 
Tide 
89% 
11 
(4700) 
(5120) 
Females 
At t i d e - l i n e 
Beyond t i d e - l i n e 
80% 
20 (2040) 
78% 
22 (4840) 
Figures in parentheses are the number of bird-observat ions 
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s l i g h t l y more females than males fed 'beyond the t i d e - l i n e ' (8 and 11 
per cent more in s i n g l e - and mixed-sex f l o c k s , r e s p e c t i v e l y ) . Females were 
usua l ly more successful than males but both sexes did less well 'beyond' 
than 'a t the t i d e - l i n e 1 (males: p<0.01; females: p<0.05 in mixed-sex f l o c k s ) . 
Comparison of the flood and ebb t ida l s i tuat ions reveals that in e i ther 
sex a higher proportion fed 'at the t i d e - l i n e ' on the ebb. In f locks of 
mixed sex , 10 per cent more males and kG per cent more females fed 'a t the 
t i d e - l i n e ' on the ebb than on the f lood. Addi t iona l ly , on ebb t i d e s , the 
birds were more successful in obtaining Areni c o l a . This feature i s analysed 
more f u l l y la ter (Section VII 2C) . 
Tables k and 5 summarize the data from godwits feeding on Nerei s and 
Areni cola during flood t ides at SB. 
In the lower Nerei s zone, a greater proportion of males fed 'a t the 
t i d e - l i n e ' while more females fed 'beyond the t i d e - l i n e ' . This s i tuat ion 
was accentuated in f locks containing both sexes^where 3^ as against 62 per 
cent of males and females, respec t ive ly , fed 'beyond the t i d e - l i n e ' . 'At 
the t i d e - l i n e ' the two sexes were equally successful in obtaining prey, both 
in s i n g l e - and mixed-sex f l o c k s . 'Beyond the t i d e - l i n e ' , however, females 
were s i g n i f i c a n t l y more successful than males (p < 0.01 in mixed-sex f l o c k s ) . 
A s imi la r pattern held in the Areni cola zone with respect to both the 
feeding locations and the re la t ive success of the two sexes. Indeed, a l l 
d i f ferences noted in the Nerei s zone were further emphasized in the Areni cola 
zone. 
Comparison of the feeding behaviour of mixed-sex f locks reveals the 
following points . An even lower proportion of males fed ' beyond the t i d e -
l i n e ' in the Areni cola zone (18 per cent) than in the Nerei s zone (3*t per 
c e n t ) , while an even greater proportion of females fed 'beyond the t i d e -
l ine ' in the Areni cola than in the Nerei s zone (70 per cent and 62 per cent , 
r e s p e c t i v e l y ) . In the Nere? s zone, the success rates of males were more 
nearly equal to those of females than in the Areni cola zone, p a r t i c u l a r l y 
Table 4. Feeding locations of male and female Bar - ta i l ed Godwits 
feeding in f locks of d i f ferent sex rat io during the 
flood t ide in the Nerei s and Arenicol a zones of 
Sandon Bay. 
S i ngle- Sex Flock Mi xed-Sex Flock 
NEREIS ZONE 
Ma les 
At t i d e - l i n e 
Beyond t i d e - l i n e 
60% 
4o (1400)* 
66% 
34 (1760) 
Females 
At t i d e - l i n e 
Beyond t i d e - l i n e . 
44% 
56 (1240) 
ARENICOLA 
38% 
62 
ZONE 
(1600) 
Males 
At t i d e - l i n e 
Beyond t i d e - l i n e 
74% 
26 (1920) 
82% 
18 (1720) 
Fema1es 
At t i d e - l i n e 
Beyond t i d e - l i n e 
43% 
57 
(1520) 30% 70 (1560) 
Figures in parentheses are the number of bird-observations 
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'beyond the t i d e - l i n e ' . Here, in mixed-sex f l o c k s , males obtained an 
average of 2.3 Nerei s/mi n compared to females' 2.8/min, while in the 
Areni cola zone, males obtained an average of only 0.3 lugworms/min 
whereas females managed 0.7/min. 
VI FEEDING BEHAVIOUR OF SOLITARY AND FLOCKING GODWITS 
Most Bar - ta i l ed Godwits feed in f l o c k s . However, indiv iduals feeding 
s o l i t a r i l y are sometimes observed. In th is sec t ion , I sha l l de ta i l 
d i f ferences in the feeding behaviour of indiv iduals in the two s i t u a t i o n s . 
1) Methods 
Data were col lected in the mid-t idal zone of HIS. It was possible to 
inspect s o l i t a r y godwits for indicat ions of in jury at c loser range on flood 
t ides than ebb t i d e s , so the data refer so le ly to the former s i t u a t i o n . 
Observations on f locking and s o l i t a r y birds feeding only 'at the t i d e - l i n e ' 
are included here,as most of the l a t t e r did not feed 'beyond the t i d e - l i n e ' . 
Data on s o l i t a r y birds are comparable directl iy with information from i n d i v i -
duals feeding in f l o c k s , as measures of the feeding behaviour of the l a t t e r 
were obtained during the same observational periods and in the same v i c i n i t y . 
Three categories of s o l i t a r y birds are recognized. Sixteen godwits 
which were obviously injured form the f i r s t category; in most c a s e s , these 
had sustained leg i n j u r i e s , probably caused by stray shot. Thir ty-seven 
godwits which le f t f locks of feeding conspeci f ics to feed s o l i t a r i l y , and 
29 which were observed to a r r i v e and la ter j o i n a f lock of feeding b i r d s , 
comprise the other two categor ies . Observational data from these three 
groups are compared with those from 721 godwits from k3 f locks (7-33 birds 
per f l o c k ) . Numbers of males and females were approximately equal in these 
f l o c k s . 
2) Results 
Godwits in f locks probed conspicuously more often and were more than 
twice as successful as s o l i t a r y feeders (Table 6 ) . Of the three categories 
of s o l i t a r y b i r d s , those which were obviously injured did least w e l l . 
Injured birds sometimes joined f locks of feeding godwits but usua l ly did 
not remain for long with them. Moreover, even when they did j o i n a f lock 
the i r average intake of prey items was less than one-third of that of the i r 
in 
CO a) in 
c i- • o 
— ZJ i_ 
•— + J m «— 
1 CO -Q 
CO 1- — vO J " 
T3 CO 3 O o 
— Q- • a . CM • • 
+ J E o C A O o CO C3 
CO 4-J i + • + 1 + 1 
CD 
4-> co C in L A +-> • • • 
4-J ID o L A •— ID 1- u o L A + J o in in i— 4 -
J 2 
O 3 m 
O tn 
p— 
C — 
— 3 
i - in 
O CO U r A CTi 
•— ^—* o o O 
> J Z m • 
•— + J 3 L A o O 
u 
i- - a in o + i + • + 1 
ID o ~U — 
+ J o 1- 4 - J - NO • — '— • • • 
— 14- CQ 4-> o o 
O 4 - J -
in (7i 0) 
c 1— 
CD — 
C 1-
— 3 
T3 T J 
a> 
0> in in > H- T3 1— 
c •__ T— ^— 
in to 3 (0 CT» 
4-> ( / ) T3 3 CM 
•— O +j — L A GO 
3 T3 c O O 
T J C a) in * 
O ID > -a- O O O — 1- CO o in ID o + i + • + • X ) — +-> JZ — 
CO — u 4 - •— J " r--
— >» • • • •— i— o JZ x> CM o o ID O 1/1 3 CO J " 
4-J X c 
in •— 
»- M— • a o (0 O 
CO 
a> CQ 
4— C 
o o N 
u 
3 — L A o o 
O ID • 
— - o T J L A o o 
> — CO 
ID i- vO + 1 + 1 + • 
JZ 1 3 — 
co - a • —I L A CM . a — o C • • • 
E O — OO o o 
CD f"\ C A 
c 0) 
. - . C CO 
T J +-> > 
CO O ID 
1) C J 3 C 
U . — ID 
E 
\ 
C O 
— U 
E — 
• in \ c co vO CO 
X I 
in a) 
E «-
JZ 
4-> 
a> O CO < o 
r— !_ 4-J -Q 0 . 
(0 
1— 
• o 
CO 
> u 
CO 
in 
J 3 
o 
in 
TD 
!_ in 
#__ !_ _o o !_ 4 - L 
o CO 
•o 
co u -Q ID 
E • a 
3 c 
c ID 
4-> 
CO in-
- C + 1 4-1 
CO in 
i- c 
(0 ID 
CO 
in E 
CO 
CO in 
CO 
JZ ra 
4-J 
c • a 
CO CO 
l_ 4-> 
ID c 
a . CO 
in 
c CO 
!_ Cl-
m 
L . in 
CO CO 
-Q 3 
E •— 
3 ID 
c > 
56 
c o n s p e c i f i c s . In cont ras t , the probes and intake of s o l i t a r y birds which 
were apparently f i t rose to equal those of f locking birds when they joined 
a f lock . 
Evidence from 16 birds which arr ived and fed in the area in twos 
suggests that groups of two behave very s i m i l a r l y to larger assemblages. 
Such birds probed almost as often and were almost as successful as godwits 
in larger f locks,observed concurrently (53-9 - 6.3 and 2.5 - 0.03 as against 
55.2 - 4.1 and 2.6 - 0.04 per min, r e s p e c t i v e l y ) . 
I have no quant i tat ive data to indicate the distance from the nearest 
neighbour at which the feeding performance of an individual feeding alone 
became in fe r io r to that of one in a f lock , but qua l i t a t i ve observations 
suggested a distance of between 50-130 m. The area of search of s o l i t a r y 
godwits a lso appeared to be less than that of f locking b i r d s . Exceptions 
to th is occurred when apparently f i t birds le f t f l o c k s . This happened most 
frequently around the time of low water on r e l a t i v e l y calm, warm days; some 
birds then would leave a f lock and often walk upshore of the t i d e - l i n e . 
On other occasions, a bird appeared to have been le f t behind by conspeci f ics 
feeding a c t i v e l y . Such b i r d s , sometimes 2 or 3 together, did not seem 
" in teres ted" in searching for prey and were possibly sa t i a ted . Casual 
observation indicated that these fed at s imi la r rates and had a s imi la r 
area of search to f locking birds upon la ter returning to a f lock . 
O v e r a l l , s o l i t a r y birds generally spent more time in an upright a l e r t 
posture. 
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VII BEHAVIOUR OF GODWITS IN RELATION TO THE BEHAVIOUR OF THEIR MAIN 
INVERTEBRATE PREY-SPECIES 
At L ind is fa rne , Arenicola marina and Scoloplos armiqer, two polychaete 
worms, are the most important prey-species taken by Bar - ta i l ed Godwits. 
In th is s e c t i o n , I sha l l examine the influence of various environmental 
parameters on the a c t i v i t y cyc les of these invertebrates and then re late 
the feeding locations and the behaviour of godwits to the behaviour of 
t he i r p rey. 
1. Invertebrate behaviour 
(a) Aren?cola 
Wells (1949. 1957)> through laboratory work, showed that Areni cola 
usua l ly l i e s in the horizontal ga l le ry of i t s U- or L-shaped burrow but 
makes per iodic excursions to the head shaft to feed and to the surface of 
the t a i l shaft to defaecate. The horizontal ga l le ry is general ly at depths 
of 20-30 cm but under freezing conditions I have found Arenicola as deep as 
60 cm. A l l these depths are beyond the reach of a godwit's b i l l . Thus, 
Arenicola are vulnerable to godwit predation only when they come to the head 
shaft and to the surface of the t a i l sha f t . My i n i t i a l observations 
indicated that godwits responded to the cue of cast formation by Areni cola 
to detect these, the i r major prey. This was confirmed la ter under both 
natural and experimental conditions (Section VII 2 c ) . Only rarely were 
godwits seen to take Areni cola from the head shaf t . In the study-area on 
HIS, dens i t ies of Areni cola ranged between 25.0 and 31 .2 /m 2 . 
I sha l l now discuss the frequency of defaecation by Areni cola in re lat ion 
to substrate temperature, t ida l c y c l e , and wet and dry areas of substrate 
in calm and windy condi t ions. 
1) Methods 
I co l lected data on the frequency of defaecation by Areni cola on HIS 
by observing simultaneously 6 selected t a i l shafts ( indicated by cas ts 
formed within a quadrat f ixed to the s u b s t r a t e ) . The times of defaecation 
were recorded by stop- and wrist-watches to the nearest minute. Readings 
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of substrate temperature to the nearest 0.5 C were co l lec ted immediately 
before and a f t e r a period of observation and averaged to the nearest °C. 
Af ter a period of observat ion, the worms were dug up to ensure that two 
or more t a i l shafts did not co inc ide . When observations were made on the 
flood t ides the worms were dug out as soon as the t ide receded. Their 
lengths were between about 5 and 20 cm, but no consistent d i f ferences in 
frequency of defaecation re la t i ve to s i z e were found. 
The frequency of defaecation by Arenicola was f i r s t examined in 
re lat ion to substrate temperature, in wet areas of lower shore, in the 
hour before and the hour a f t e r the t ide covered and uncovered the same 
a r e a . Of the total number of casts formed, the numbers formed at the t i d e -
edge were noted separate ly . (The tide-edge i s defined as the area covered 
by the t ide to a depth of about 15 cm, the approximate maximum depth to 
which a godwit may wade). On the ebb t ide , the tide-edge a lso includes 
any areas of substrate which retain a thin (though decreasing) cover of 
water. On the flood t ide the tide-edge a lso includes an area extending 
some several meters (depending on the gradient of the beach) up-shore of 
the advancing t i d e - l i n e such that the r i s ing water table must have flooded 
the Arenicola horizontal g a l l e r i e s . 
Below a cer ta in substrate temperature the frequency of Areni cola 
defaecation decreases. After th is c r i t i c a l level had been determined, the 
frequency of cast formation was observed at higher temperatures, in 
both wet and dry areas of substra te , on both calm and windy days, and in the 
upper, mid- and lower shore regions. Observations in each case commenced 
and terminated as the t ide ebbed fronijand flowed over ; the area at water 
depths of about 15 cm. 
2) Results 
Data on the frequency of cast formation in re la t ion to substrate 
temperature are summarized and i l l u s t r a t e d in Table 7 and Figure 2 , 
respect ive ly . These refer to wet areas of lower shore. For substrate 
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F i g . 2(a) The frequency of cast formation of Arenicola in re lat ion to substrate 
temperature . 
2 (b) . 'The proportion of the.cast's of Areni cola formed at the tide-edge 
61 
temperatures of -1°C and above, each set of data refers to 60 worm-hours 
of observation spread over 10 days. However, the s c a r c i t y of days with 
substrate temperatures below -1°C precluded the acqu is i t ion of equally 
large amounts of data for such temperatures. On flood t i d e s , k3 to hi of 
the 6 0 Arenicola defaecated within one hour at temperatures of +3°C and 
above; 17 to 20 per cent of these casts were formed at the t ide-edge. At 
temperatures of +2°C to -1°C however, the number of casts formed decreased 
from 38 to 7 respect ive ly , while those formed at the tide-edge increased 
from k3 to 61 per cent of the t o t a l s . No Arenico1a defaecated within the 
one-hour observation periods at temperatures below -1°C. On ebb t i d e s , 
more Areni cola defaecated than on flood t i d e s . Within each hour, 59 to 
61 cas ts (one worm defaecated twice) were formed by the 60 Areni cola at 
temperatures of +3°C, and above. Of these, only 3 to 8 per cent were 
formed at the tide-edge.. At temperatures of +2 to 0°C, 7 to 12 per cent 
of the 53 to 25 casts formed, respec t ive ly , were at the t ide-edge. At -1°C, 
7 of the 13 Arenicola which defaecated (53 per cent) did so at the t i d e -
edge. A l l were covered by at least 2 to 3 cm of water. No casts were 
formed below -1°C. 
In summary, more casts were formed on ebb than on flood t ides at a l l 
substrate temperatures, but in both s i tuat ions the rate of cast formation 
decreased as temperatures dropped below +3°C. The percentage of casts 
formed at the tide-edge as temperatures dropped increased more rapidly on 
flood than on ebb t i d e s . 
Table 8 summarizes data on the frequency of Areni cola defaecation at 
substrate temperatures above 3°C in a region of upper shore uncovered for 
approximately 7 hours by the t i d e . Cast formation by 60 Arenicola was 
observed in wet and dry areas of substrate on calm and windy days, respect ively 
During ga les , no observations could be made because of blowing sand. 
At L ind is fa rne , the extensive sandf lats present a mosaic of wet and 
dry areas with the former usual ly s l i g h t l y lower in e levat ion than the 
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l a t t e r . However, "wet" areas do not necessar i ly remain so throughout 
the low t ide period. On calm days, a l l Arenico1a defaecated 5 and some 
6 times in wet a r e a s , whereas in dry areas a l l formed casts k and some 5 
times before the t ide flooded the study-area to a depth exceeding 15 cms. 
The time in terva ls between cast formation were longer in dry than in wet 
a r e a s , p a r t i c u l a r l y between formation of the th i rd and fourth cas ts 
(Table 8 ) . On windy days, Arenicola defaecated less often than on calm 
days, both in wet and in dry a r e a s . But, as on calm days, the in terva ls 
between formation of successive cas ts on windy days were shorter in wet 
than in dry a r e a s . 
In the mid-shore region (uncovered by the t ide for about 5 hours) , 
observations of an equivalent number of Aren?cola revealed that the pattern 
of defaecation was very s imi la r to that found in the upper shore region on 
calm days at substrate temperatures above 3°C, in both wet and dry areas 
(Table 9 ) . As before, the in terva ls between defaecation were shorter in 
wet than in dry areas and gradually increased in both areas pr ior to flooding 
by the t ide . Although the mid-shore was uncovered by the t ide for about 
2 hours less than the upper shore, Aren?cola defaecated at the same time 
in te rva ls a f t e r the t ide receded at both t ida l l e v e l s . Thus individual 
Aren?cola defaecated less often while uncovered by the t ide at lower than 
higher regions of the shore. 
In wet areas of the lower shore region, uncovered by the t ide for about 
2 hours, a l l Arenicola defaecated twice and some three t imes. The average 
interval between formation of the f i r s t and second casts was ^5.1 min 
(Table 10), not s i g n i f i c a n t l y d i f ferent from the values for the mid- and 
upper-shore l e v e l s . 
The data co l lec ted on the frequency of Aren?cola defaecation in d i f fe rent 
regions of shore under d i f ferent conditions are u t i l i z e d la ter to ca lcu la te 
the number of Arenicola ava i lab le to godwits per unit time. 
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Table 10. Frequency of cast formation by s ix ty Areni cola in wet areas 
of lower shore on Holy Island Sands at substrate temperatures 
above 3 C on calm days during approximately 2 hours in which 
the areas were uncovered by the t ide . 
Mean Time of 
Cast Format ion(min) 
Interval Between 
Casts 
33.7 - 3.2 
45.1 
78.8 - 2.9 
( 4 6 . 5 ) 
(125.3) 
Note:. Not a l l Areni cola defaecated as the t ide 
was flooding the area to a depth of 15 cm; 
the f igures in parentheses refer to those 
that did form casts 
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(b) Scoloplos 
Godwits appear to detect Scoloplos by t a c t i l e means, while probing 
into the substra te . In the study-area on HIS dens i t ies ranged from 0 to 
1000 and from 0 to 175/m2 on wet and dry areas of substra te , respect ive ly . 
Preliminary invest igat ion revealed that Scoloplos were seldom found at 
depths exceeding 15 cm. Normally, they were found above the de-oxygenated 
layer or p a r t i c u l a r l y concentrated empty she l1 - layers , even when these 
occurred at shallow depths. Often, high numbers were located in rott ing 
seaweed buried j u s t beneath the sur face . 
I sha l l now discuss the v e r t i c a l movements of Scoloplos in re lat ion 
to substrate temperature, t ida l cyc le and wet and dry areas of substrate . 
1) Methods 
A sampler with internal dimensions of 10 x 10 cm, 25 cm deep was used 
to remove samples from the substrate . S l i t s in the sampler on opposite 
s ides at 2 and 5 cm in terva ls enabled a metal s l i d e to be pushed through 
so that the sample could be divided into layers corresponding to d i f fe rent 
depths. The sampler was inserted into the substrate to a depth of about 
20 cm and removed with the sample. S l ides were quickly pushed through the 
opposing s ides and the top three 5 cm layers were removed and placed into 
separate polythene bags. Scoloplos were extracted from each of the layers 
d i f f i c u l t y was experienced in obtaining whole worms as Scoloplos tends to 
break during extract ion and be crushed during sampling and car r i age . For 
density est imates, only the anter ior portions of Scoloplos were counted. 
Twenty samples (60 layers) were taken randomly (one from each of 20 
lm x 1m squares on a grid) in each of wet and dry areas of substrate in 
the upper mid-t idal zone. Sampling commenced when the s i t e s had been 
uncovered by the t ide for about k hours. Twenty samples were a lso extracted 
both immediately ahead of the advancing flood and j u s t behind the receding 
ebb t i d e - l i n e s in the same wet area of substrate on the same day (a grid 
by sjeiyving on the day of sampling and preserved in 70% a l c o h o l . Great 
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could not be used as I was following the t i d e - l i n e ) . Substrate temperatures 
ranged from k-7°C. Ten samples (30 layers) were co l lec ted under colder 
conditions at each of the flood and ebb t i d e - l i n e s (substrate temperatures 
-1°C and +2°C, r e s p e c t i v e l y ) . Care was exercised not to walk over the 
sampling locations before sampling. 
2) Results 
Although most Scoloplos were present in the top two 5 cm l a y e r s , 
d i f ferences occurred in the proportions present in these layers under 
d i f ferent conditions (Table 11). As Scoloplos are most vulnerable to 
predation by godwits in the upper 5 cm, i t i s most relevant to compare the 
d i f ferences in th is layer . At substrate temperatures of k-7°C, 5 per cent 
more Scoloplos were present in the top layer in wet than in dry areas 
(both s i t e s had been uncovered by the t ide for a minimum of h hours) . An 
even higher proportion were found in the surface layer in the t i d e - l i n e 
s i t u a t i o n s , and s i x per cent more Scoloplos were present in the upper layer 
on the ebb than on the flood t i d e - l i n e . These resu l ts refer to warmer 
(4°-7°C) substrate condi t ions. Under colder condi t ions, considerable 
reduction occurred in the proportions of Scoloplos present near the surface 
at the t i d e - l i n e . Although, once again , more were present in the upper 5 cm 
on the ebb than on the flood t i d e - l i n e , 21 and 11 per cent less Scoloplos 
were located there at the flood and ebb t i d e - l i n e s , respec t i ve ly , than on 
the warmer days. 
Despite the high v a r i a b i l i t i e s within each c l a s s of samples, which 
must lead to inconclusive resu l ts from s t a t i s t i c a l t e s t s , several trends are 
evident . More Scoloplos are present in the upper layer (and hence are more 
vulnerable to predation by godwits) on wet areas of substrate at the t i d e -
l ine - p a r t i c u l a r l y on ebb t ides and on days with r e l a t i v e l y warm substrate 
temperatures. The resu l ts a lso show that higher overa l l numbers of Scoloplos 
are found in wet as against dry areas of substrate . 
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Table 12. The method of determining the Number of Areni cola ava i lab le 
to Bar - ta i led Godwits in re lat ion to the area searched. 
Mean density of Areni cola 
Mean time between c a s t s , ebb t ide 
Cast produced/nf/mi n 
Mean area searched by godwits, ebb t ide 
Number of cas ts produced in area searched 
28/m 2 
47 mi n 
28 /h i =0 .595 
10.5rrfVmin 
0.595 x 10.5 = 6.25/min 
= approx.6/min 
Note: No standard errors are attached because these would be 
u n r e a l i s t i c a l l y la rge , s ince the estimated number of 
Areni cola is obtained by mult iplying three separate 
q u a n t i t i e s , each of which is subject to var ia t ion 
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2 . Behaviour of the godwits 
(a) Feeding behaviour 
As indicated e a r l i e r , most godwits feed in areas where the i r prey are 
most a v a i l a b l e . Arenicola defaecates at shorter in terva ls near the t i d e -
edge and on wet areas of substrate than in d r i e r a r e a s . Scoloplos stays 
c loser to the surface in wet areas and near the tide-edge in d r i e r a r e a s . 
An approximate average number of Arenicola ava i l ab le each minute in 
the area searched by an individual godwit has been ca lculated by the method 
shown in Table 12. This is based on observations of the frequency of 
defaecation by Areni cola in the study-area on HIS and deta i led previously 
in Tables 7 to 10. 
Tables 13 to 16 summarize data on the feeding behaviour of godwits on 
the flood and ebb t i d e s , and show the number of Arenicola and other prey, 
c h i e f l y Scoloplos, taken per minute at d i f ferent substrate temperatures 
in the study-area on HIS. (These data were co l lected in a d i f ferent part 
of the study area and in d i f ferent winters from the data on sexual 
d i f ferences in feeding behaviour detai led in Section V.) 
Because of the sexual d i f f e r e n c e s , data from males and females in 
each of the two feeding locations 'at the t i d e - l i n e 1 and 'beyond the t i d e -
l i n e ' are treated separately whenever poss ib le . Observations were made 
a l te rna te ly on males and females in f locks with approximately equal numbers 
of each sex in each of the two feeding locat ions . Data co l lected on d i f ferent 
days for each range of substrate temperatures and for the same t ida l 
s i tua t ions were pooled before s t a t i s t i c a l a n a l y s i s . The data are analysed 
by Student's t - t e s t s . Other methods, terms and the sequence of observations 
were described e a r l i e r . Densi t ies of Areni c o l a , checked frequent ly , were 
between 25.0 and 31 .2 /m 2 . 
( i ) Behaviour of indiv iduals "at the t i d e - l i n e 1 
At substrate temperatures above 3°C , males and females took 
s i g n i f i c a n t l y more Areni cola (Males: p < 0.01; females: p < 0.01).but 
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'At t i d e - l i n e ' 
Males Females 
'Beyond t i d e - l i n e ' 
Males Females 
Flood t i d e s , s u b s t r a t e > 3 C 
Ebb t i d e s , s u b s t r a t e > 3°C 
'At* and 'Beyond t i d e - l i n e ' , both sexes 
I I • • 
Flood t i d e s , s u b s t r a t e ^ 0 ° C Flood t i d e s , s u b s t r a t e -4°C 
Ebb t i d e , s u b s t r a t e ^ 0 ° C 
F i g . 3 Shape of search area of Bar - ta i l ed Godwits on flood and ebb t ides 
at d i f ferent substrate temperatures 
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Table 13. Feeding behaviour of Bar - ta i l ed Godwits 'a t the t i d e - l i n e ' 
of the mid- and lower t ida l zones of Holy Island Sands at 
substrate temperatures above 3 C. 
Flood 
(21: 60 
Tide , 
to 90)'"' 
Ebb Tide 
(23: 60 to 90) 
Area searched/min ma les 10.51 
+ 0.06m2 11.02 + 0.06m2 
females 10.74 
+ 
0.06m2 11.05 
+ 0:07m2 
New Arenicola cas ts males 6 7 
in area searched/min fema1es 6 7 
Probes/mi n ma les 59.1 
+ 
3.4 53.9 
+ 
2.9 
females 58.3 3.7 53.4 3.4 
Arenicola taken/min ma les 1.2 
+ 
l 0.05 1.8 
+ 0.06 
fema1es 1.2 T 0.06 1.9 
+ 0.04 
Other prey taken/min males 1.7 
+ 
I 0.04 1.3 
+ 
i 0.03 
fema1es 1.6 T 0.06 1.4 + 0.03 
Nearest neighbour 
distance between godwits 2.32 
+ 0.08 m 2.51 
+ 
0.09 m 
Numbers in parentheses refer to the number of periods of observation 
and the number of minutes/period; e . g . for the flood t i d e , there 
were 21 periods of observat ion, each of 60 to 90 min in durat ion. 
See text for the sequence of observations 
Note: f igures, given are means - standard errors 
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Table 14. Feeding behaviour of Bar - ta i l ed Godwits 'beyond the t i d e - l i n e ' 
in the mid- and lower t ida l zones of Holy Island Sands at 
substrate temperatures above 3 C. 
Flood 
(21: 60 
Tide . 
to 90)" 
Ebb Tide 
(23: 60 to 90) 
Area searched/min Males 6.41 + 0.04m2 6.52 + 0.05m2 
Fema1es 8.22 + 0.04m2 8.43 + 0.03m2 
New Arenicola cas ts Males 4 4 
in area searched/min Females 5 5 
Probes/mi n Males 53.6 + 3.1 51.7 + 3.6 
Fema1es 55.2 T 3.3 56.8 T 3.4 
Arenicola taken/min Males 1.0 + i 0.04 1.0 
+ 
i 0.05 
Fema1es 1.2 0.05 1.4 T 0.06 
Other prey taken/min Males 1.5 
+ 0.04 1.4 + M 0.04 
Females 1.4 T 0.06 1.4 T 0.07 
Nearest neighbour 
distance between godwits 1.96 
+ 0.06m 2.04 + 0.08m 
See footnote to Table 13 
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fewer other prey,on the ebb than on the flood t ide (Table 13). Since the 
other prey were much smaller than Areni co la . the godwits ingested a greater 
biomass on the ebb t ide . Birds of both sexes searched a larger area and 
were far ther apart while feeding on the ebb t ide . The shape of the area 
searched by males was s imi la r to that searched by females at a l l stages of 
t i d e , but d i f fered markedly between the ebb and the flood (F ig . 3 ) . 
( i i ) Behavdour of indiv iduals 'beyond the t i d e - l i n e ' 
At substrate temperatures above 3°C, the values for each parameter 
of feeding behaviour are very s imi la r in the flood and ebb t ida l s i t u a t i o n s , 
except that there are consistent d i f ferences between the sexes (Table 14) . 
The shapes of the areas searched by both sexes on both flood and ebb t ides 
were s imi la r and elongated para l l e l to the t ide-edge; however, that of the 
females was greater in width (F ig . 3 ) . 
Comparison of feeding performance 'a t the t i d e - l i n e ' (Table 13) and 
'beyond the t i d e - l i n e ' (Table 14) shows that while the birds took 
approximately equal numbers of Aren?cola in both s i tuat ions on flood t i d e s , 
they obtained s i g n i f i c a n t l y fewer Areni cola (males: p < 0.01; females: 
p < 0.05) 'beyond the t i d e - l i n e ' on ebb t ides,and covered s i g n i f i c a n t l y 
smaller search areas (males: p < 0.01; females: p < 0 .05 ) . However, they 
took a higher proportion of the Arenicola ava i l ab le 'beyond the t i d e - l i n e ' 
than 'at the t i d e - l i n e ' ( e .g . on flood t i d e s , males: 1.0/4 v 1.2/6; 
females: 1.2/5 v 1 .2 /6 ) . 
( i i i ) Behaviour of indiv iduals feeding on warm and cold substrates 
(a) On the flood t ide 
Observations are summarized in Table 15. Re la t ive ly few cold 
days (substrate temperatures below +2°C) occurred during the study period 
so the data co l lec ted on these days had to be pooled i r respec t ive of sex or 
feeding locat ion . Approximately equal numbers of observations have been 
included of males and females both ' a t ' and 'beyond the t i d e - l i n e 1 . These 
data are compared in Table 15 with s i m i l a r l y pooled data co l lected on warm 
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Table 15. Feeding behaviour of Bar - ta i led Godwits during the flood t ide 
on warm and cold days and on one very cold day in the mid- and 
lower t ida l zones of Holy Island Sands. 
Substrate Temp. 
above 3°C 
(21: 60-90)" 
Substrate Temp. 
+1 to -1°C 
(6: 60-90) 
Substrate Temp. 
-4°C 
(1: 60) 
Area searched/min 8.9 - 0.05 m2 5.34 - 0.02 m2 2.21 - 0.04 m2 
New Arenicola cas ts 
in area searched/min 5 2 0 
Probes/mi n 56.6 - 3.4 61.5 - 3.6 47.1 - 4.1 
Arenicola taken/min 1 .2 - 0.05 .05 - 0.008 0 
Other prey taken/min 1.6 - 0.05 1.5 - 0.07 0.5 - 0.09 
Nearest neighbour 
distance between 
godwi ts 
2.14 ±0.07 m 1.05 - 0.08m .97 - 0.07 m 
See footnote to Table 13 
76 
days and p r e v i o u s l y p resented in d e t a i l in T a b l e s 13 and l^f. As may be 
s e e n , on c o l d days the number of Areni c o l a taken by the b i r d s per minute 
was reduced by more than h a l f . Al though s i m i l a r numbers o f o t h e r prey were 
taken per minute on both warm and c o l d d a y s , the b i r d s i n g e s t e d f a r l e s s 
biomass on c o l d d a y s . The reduc t ion in f e e d i n g s u c c e s s was a s s o c i a t e d w i th 
obv ious r e d u c t i o n s both in the average d i s t a n c e between a d j a c e n t f e e d i n g 
godwits and in the s i z e o f the a r e a searched on c o l d d a y s . Al though 
q u a n t i t a t i v e data a r e l a c k i n g , o b s e r v a t i o n s i n d i c a t e d that a much h i g h e r 
p r o p o r t i o n of the probes made were deeper on c o l d than on warm d a y s . 
Dur ing my s t u d y , o n l y one v e r y c o l d morning o c c u r r e d ( i n F e b r u a r y , 
1971) on which the s u b s t r a t e temperature was -k°C. T h i s was the l a s t o f 
t h r e e c o n s e c u t i v e days w i t h s u b s t r a t e temperatures a t o r below 0 to + 2 ° C . 
Both the s u b s t r a t e c o n d i t i o n s arid the b i r d s ' behav iour were so d i f f e r e n t on 
t h i s morning tha t the data a r e p resented i n a s e p a r a t e column of T a b l e 15. 
On tha t day , the s a n d - and m u d - f l a t s were comple te ly f r o z e n . As the t i d e 
f l o o d e d , f r o z e n s l u s h and i c e were c a r r i e d in w i t h i t and covered much of 
the t i d e - e d g e . The godwits were a b l e to feed o n l y on those s t r e t c h e s of shore 
which remained r e l a t i v e l y f r e e of i c e . No A r e n i c o l a were taken (none was 
a v a i l a b l e s i n c e they formed no c a s t s ) and the r a t e a t which o t h e r prey were 
ob ta ined dropped to below a t h i r d of t h a t on warm days (Table 1 5 ) . There 
were a l s o l a r g e r e d u c t i o n s in the a r e a s e a r c h e d and in n e a r e s t neighbour 
d i s t a n c e . Few b i r d s fed a t the w a t e r ' s edge and most were 'beyond the 
t i d e - l i n e ' . Females were c o n s p i c u o u s l y w e l l out in the w a t e r . The a r e a 
searched by both sexes was v e r y e longated p a r a l l e l to the shore ( F i g . 3 ) . 
(b) On the ebb t i d e 
O b s e r v a t i o n s of f eed ing behav iour of godwits dur ing ebb t i d e s on warm 
and c o l d days a r e summarized in T a b l e 16. As in T a b l e 15 > data a r e p o o l e d , 
i n c l u d i n g a p p r o x i m a t e l y equal numbers of o b s e r v a t i o n s of males and f e m a l e s , 
both ' a t ' and 'beyond the t i d e - l i n e ' . As on the f l o o d , so on the ebb t i d e 
s i g n i f i c a n t l y fewer A r e n i c o l a were taken per minute on c o l d days (p < 0 . 0 5 ) ; 
but a g a i n the numbers of o t h e r prey taken per minute were comparable w i t h 
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T a b l e 16. Feeding behav iour of B a r - t a i l e d Godwits d u r i n g the 
ebb t i d e on warm and c o l d days in the m i d - and lower 
t i d a l zones of Holy I s l a n d S a n d s . 
S u b s t r a t e Temp. 
above 3 C 
(23: 6 0 - 9 0 ) " 
S u b s t r a t e Temp. 
+1 to -1°C 
(4: 60 -90 ) 
Area searched /min 9 .25 - 0 .05m 2 7.86 - 0 .04m 2 
N e w A r e n i c o l a c a s t s 
in a r e a s e a r c h e d / m i n 6 4 
Probes/mi n 54 .0 - 3 .3 5 9 . 8 i 4 . 0 
A r e n i c o l a taken /min 1.5 - 0 .05 .09 - 0 .005 
Other prey taken /min 1.4 - 0 .04 1.2 - 0 .05 
Neares t neighbour 
di s t a n c e between 
godwi t s 
2 .28 - .06m 1.51 - 0.07m 
See footnote to T a b l e 13 
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those taken on warm d a y s . On co ld d a y s , the d i s t a n c e between godwits was 
reduced c o n s i d e r a b l y and the a r e a s e a r c h e d d e c r e a s e d by a lmost 1.5 m2 when 
compared w i th warm d a y s . As noted f o r the f lood t i d e s i t u a t i o n on co ld 
d a y s , the re was a l s o a conspicuous i n c r e a s e in the p ropor t ion of deep 
probes,a1 though q u a n t i t a t i v e data a r e l a c k i n g , 
( i v ) F l o c k behaviour 
F i g . k i l l u s t r a t e s the p o s i t i o n and shape of godwit f l o c k s in r e l a t i o n 
to the t i d e - l i n e . The diagrams r e p r e s e n t a composi te p i c t u r e d e r i v e d from 
the o b s e r v a t i o n a l methods which have been d e s c r i b e d e a r l i e r . Shaded 
p o r t i o n s of each diagram i n d i c a t e where more than h a l f o f the b i r d s were 
l o c a t e d w i t h i n the f l o c k s ; unshaded diagrams i n d i c a t e approx imate ly r e g u l a r 
d i s p e r s i o n o f b i r d s w i t h i n the r e p r e s e n t a t i v e f l o c k . 
On warm d a y s , the f l o c k - s h a p e was more e l o n g a t e and the f l o c k s i t u a t e d 
c l o s e r to the t i d e - l i n e on the f lood than on the ebb t ide ,when i t tended 
to be upshore of the w a t e r ' s edge ( F i g . k). On c o l d d a y s , however, most 
b i r d s in the f l o c k fed ' a t 1 o r 'beyond the t i de-1 i n e 1 , wi th very few upshore 
of the w a t e r ' s edge. T h i s i s r e f l e c t e d in the shape of the a r e a s e a r c h e d 
by each i n d i v i d u a l ( F i g . 3) and p a r t i c u l a r l y in the f l o c k - s h a p e ( F i g . k) 
both of which were more e l o n g a t e on c o l d than on warm d a y s . T h i s s i t u a t i o n 
was not so pronounced on ebb t i d e s , w h e n f l o c k - s h a p e and l o c a t i o n and the 
shape of the a r e a s e a r c h e d on c o l d days resembled those found f o r the f l o o d 
t i d e under warm c o n d i t i o n s . 
(b) A g o n i s t i c behaviour 
1) Methods 
The methods of c o l l e c t i n g data on i n t r a - and i n t e r s p e c i f i c i n t e r a c t i o n s 
on the s tudy a r e a of HIS and i t s method of p r e s e n t a t i o n have been d e s c r i b e d 
e a r l i e r . Three c a t e g o r i e s of encounter a r e d i s t i n g u i s h e d : those when w a l k i n g , 
over i n d i v i d u a l f eed ing s i t e s , and o v e r prey i tems; a f eed ing s i t e i s the 
a c t u a l ho le i n t o which a b i r d i s p r o b i n g . O b s e r v a t i o n s were made on the 
same days when in fo rmat ion on feed ing behav iour was o b t a i n e d . 
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2) R e s u l t s 
( i ) I n t r a s p e c i f i c encounte rs on the f lood t i d e 
Data fo r warm and c o l d days a r e summarized in T a b l e 17. On c o l d days 
w i t h s u b s t r a t e temperatures of +1 to -1°C the o v e r a l l p r o b a b i l i t y of encounter 
i n c r e a s e d a lmost t h r e e f o l d over tha t found on warm d a y s . However, the 
p r o b a b i l i t y of encounter over prey i t e m s , p a r t i c u l a r l y l a r g e Areni c o l a , 
once e x t r a c t e d from the s u b s t r a t e , i n c r e a s e d more than d id the p r o b a b i l i t i e s 
of encounte rs when wa lk ing o r o v e r f e e d i n g s i t e s . On the one v e r y c o l d 
morning d e s c r i b e d e a r l i e r ( S e c t i o n VI I 2 a ) , the o v e r a l l p r o b a b i l i t y of 
encounter a g a i n i n c r e a s e d a lmost t h r e e f o l d o v e r tha t on the l e s s c o l d 
d a y s . The number of encounte rs i n v o l v i n g more than 2 b i r d s a l s o i n c r e a s e d . 
The l a r g e s t number of encounte rs once aga in were over prey i t e m s , b u t , on 
the v e r y c o l d morning, they d id not i n c l u d e Areni c o l a . The mean d i s t a n c e 
between godwits was reduced to 0 .97 - 0 .07 m (Tab le 15) , the lowest e v e r 
o b s e r v e d . T h i s must have i n f l u e n c e d the h igher r a t e of i n t e r a c t i o n . 
I n t e r a c t i o n s seemed more prolonged on c o l d than warm d a y s , but i t was not 
p o s s i b l e to t ime them w h i l e c o l l e c t i n g , s i m u l t a n e o u s 1 y , d a t a on f e e d i n g r a t e s , 
n e a r e s t neighbour d i s t a n c e s , e t c . On c o l d days females appeared to i n t e r a c t 
l e a s t , b e i n g f a r t h e r out from the t i d e - l i n e than m a l e s . 
( i i ) I n t r a s p e c i f i c encounte rs on the ebb t i d e 
Encounters on the ebb t i d e a l s o i n c r e a s e d dur ing c o l d weather (Tab le 18) 
but not a s much as on the f lood t i d e . As b e f o r e , encounte rs o v e r prey items 
were more f requent than were the o t h e r forms of i n t e r a c t i o n . 
( i i i ) I n t e r s p e c i f i c encounte rs on f lood and ebb t i d e s d u r i n g warm days 
Encounte rs between godwits and o t h e r s p e c i e s were seldom seen d u r i n g 
the p e r i o d s of o b s e r v a t i o n on the s t u d y - a r e a on HIS on warm d a y s . A l t o g e t h e r , 
o n l y 12 i n t e r a c t i o n s w i t h B lack -headed G u l l s (La rus r i di bundus) , Common G u l l s 
( L a r u s canus ) and Cur lew (Numenius a r q u a t a ) were noted in the 2681 godwi t -
minutes of o b s e r v a t i o n devoted to a g o n i s t i c b e h a v i o u r . T h i s g i v e s an o v e r a l l 
p r o b a b i l i t y of encounter of .0044 per minute ,combin ing the data f o r both 
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f lood and ebb t i d e s (7 and 5 e n c o u n t e r s , r e s p e c t i v e l y ) . These i n t e r a c t i o n s 
were not i n i t i a t e d by g o d w i t s . A l l but two i n v o l v e d encounte rs o v e r p r e y -
i tems when the godwits were robbed; the two e x c e p t i o n s were between c u r l e w 
and godwits o v e r f eed ing s i t e s . 
( i v ) I n t e r s p e c i f i c encounte rs on f lood and ebb t i d e s dur ing c o l d days 
On c o l d days ( e x c l u d i n g the most s e v e r e morning which i s t r e a t e d l a t e r ) 
i n t e r s p e c i f i c i n t e r a c t i o n i n c r e a s e d about e q u a l l y on both f lood and ebb 
t i d e s . In 875 godwi t -minutes o f o b s e r v a t i o n from both t i d a l s i t u a t i o n s , 
15 i n t e r a c t i o n s o c c u r r e d between godwits and o t h e r s p e c i e s , an o v e r a l l 
p r o b a b i l i t y of encounter of .0171 per min. These encounte rs w i t h godwits 
i n v o l v e d B lack -headed and Common G u l l s , C u r l e w , Redshank (T r inqa t o t a n u s ) 
and Grey P l o v e r ( P l u v i a l i s s q u a t a r o l a ) , in descend ing o r d e r of f r e q u e n c y . 
Twelve of the i n t e r a c t i o n s were over feed ing s i t e s a n d , more p a r t i c u l a r l y , 
p r e y - i t e m s . Godwits d i s p l a c e d Redshank and Grey P l o v e r , b u t the l a r g e r 
g u l l s and Cur lew i n i t i a t e d the o t h e r i n t e r a c t i o n s w i t h the godwi ts . 
On the c o l d e s t d a y , w i t h s u b s t r a t e temperature o f -k°C, i n t e r s p e c i f i c 
behav iour was c o n f u s e d . Almost a l l the waders and a number of g u l l s were 
f e e d i n g a t the w a t e r ' s edge and beyond. I t was i m p o s s i b l e to note a l l the 
e n c o u n t e r s ' w h i l e w a l k i n g 1 which invo lved godwits and o t h e r s p e c i e s , i n c l u d i n g 
Dun l in ( C a l i d r i s a l p i n a ) and Knot ( C a l i d r i s c a n u t u s ) . However, in the 99 
godwit -minutes o b s e r v e d , t h e r e were 31 encounters o v e r f e e d i n g s i t e s and 
p r e y - i t e m s , an o v e r a l l p r o b a b i l i t y of encounter o f .3131 per min f o r t h e s e 
two c a t e g o r i e s . 
Combining the number o f i n t r a - and i n t e r s p e c i f i c e n c o u n t e r s on t h i s 
c o l d e s t morning, the o v e r a l l p r o b a b i l i t y of encounter f o r g o d w i t s , 
e x c l u d i n g the c a t e g o r y of i n t e r s p e c i f i c encounter ' w h i l e w a l k i n g ' , was 
.7979 per min. 
(c ) D e t e c t i o n of Areni c o l a by godwits 
On H I S , godwits succeeded in t a k i n g more Areni c o l a / m i n from a r e a s j u s t 
upshore of the t i d e - l i n e on the ebb t i d e than on the f l o o d . T h i s might have 
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been due to longer t imes between c a s t format ion by the worms on the f l o o d 
t i d e , but an a d d i t i o n a l o r a l t e r n a t i v e f a c t o r cou ld have been a reduc t ion 
in the e a s e w i t h which new c a s t format ion would be n o t i c e d by the b i r d s . 
Dur ing the ebb t i d e , o l d c a s t s a r e washed away, so tha t c a s t s formed on 
the newly exposed sand should be e a s i l y v i s i b l e . On the f lood t i d e , 
however, new c a s t s a r e formed in a landscape a l r e a d y covered by c a s t s ; 
t h i s might hamper the e a s e w i t h w h i c h , o r the d i s t a n c e a t w h i c h , they a r e 
d e t e c t a b l e by the godwi ts . To t e s t t h i s , an experiment was conducted a t 
S B , a s i t e which could be viewed from a h i g h e r e l e v a t i o n than H I S , so t h a t 
c a s t format ion and b i r d behav iour cou ld be more a c c u r a t e l y de te rmined . 
The d e n s i t y of prey w a s , however, r a t h e r l e s s than on H I S . The r a t e of 
c a s t format ion by Areni c o l a was he ld approx imate ly c o n s t a n t d u r i n g the 
exper iment by working on ly in the m i d - t i d a l zone and on the f l o o d t i d e . 
Ebb t i d e c o n d i t i o n s were s i m u l a t e d by removal of a l l A r e n ? c o l a c a s t s from 
a p i e c e of beach not more than 30 min be fore the t i d e began to f lood the 
a r e a . The b i r d s ' b e h a v i o u r , when they re turned to feed in t h i s s i t u a t i o n , 
was compared w i th t h e i r behav iour in the same p l a c e on the next day when a l l 
c a s t s formed dur ing low t i d e were a l l o w e d to remain . The a r e a c l e a r e d of 
c a s t s was approx imate ly 100 m long p a r a l l e l to the t i d e - l i n e and 10 m w i d e . 
The g o d w i t s , which p r e v i o u s l y had been f l u s h e d to the f a r end of the 
bay , were ' w a l k e d ' back and o b s e r v a t i o n began a s soon as the t i d e pushed the 
b i r d s in to the exper imenta l a r e a . I n d i v i d u a l b i r d s of each sex were watched 
a l t e r n a t e l y f o r 30 -second p e r i o d s u n t i l the t i d e had covered the a r e a . No 
o b s e r v a t i o n s were made of b i r d s f e e d i n g on the s u b s t r a t e c o v e r e d . b y the t i d e . 
The exper iment was repeated 8 t imes d u r i n g the autumns o f two y e a r s and data 
pooled on the t o t a l number of a t tempts and of s u c c e s s f u l a t tempts made by 
the godwits to take Areni c o l a in r e l a t i o n to the d i s t a n c e s moved to the 
c a s t s . D i s t a n c e s were a s s e s s e d i n the f i e l d a s numbers of b i r d - l e n g t h s and 
were l a t e r conver ted to m e t r e s , on the assumpt ion t h a t a g o d w i t ' s l e n g t h , 
e x c l u d i n g b i l l , i s 25 cm. The r e s u l t s a r e based on 16 p e r i o d s o f o b s e r v a t i o n 
each be ing 19-25 minutes in d u r a t i o n . The number o f godwits in the 
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exper imenta l a r e a a t one time v a r i e d from 6 - 1 4 . A rem c o l a d e n s i t i e s v a r i e d 
between y e a r s from 11.1 to 1 5 . 8 / m 2 . 
R e s u l t s 
The r e s u l t s of the exper iments a r e p resen ted i n T a b l e s 19, 20 and 2 1 . 
These show tha t ( i ) the median d i s t a n c e s to which b i r d s moved to t r y to 
take A r e n i c o l a were s l i g h t l y g r e a t e r on the s i m u l a t e d ebb t i d e than on the 
n a t u r a l f l o o d ; t h i s was t r u e of both males and f e m a l e s , ( i i ) The median 
d i s t a n c e s of movement which led to s u c c e s s f u l c a p t u r e of A r e n i c o l a were 
a l s o g r e a t e r on the s i m u l a t e d ebb t i d e . U n f o r t u n a t e l y , none of t h e s e 
d i f f e r e n c e s cou ld be e s t a b l i s h e d w i th s t a t i s t i c a l c e r t a i n t y , a s shown by 
the c o n s i d e r a b l e o v e r l a p of 95% c o n f i d e n c e l i m i t s of the med ians , even 
i n the most extreme compar ison . 
The percentage of a t tempts which were s u c c e s s f u l v a r i e d w i t h d i s t a n c e 
moved, and by i n s p e c t i o n males o r females were more s u c c e s s f u l a t long 
d i s t a n c e s in the s i m u l a t e d ebb t i d e s i t u a t i o n than on the n a t u r a l f l o o d . 
Comparison between percentage s u c c e s s under the two t i d a l c o n d i t i o n s , b y 
means of a Wi lcoxon s i g n e d rank t e s t f o r p a i r s o f o b s e r v a t i o n s a t each 
d is tance^showed tha t males were s i g n i f i c a n t l y more s u c c e s s f u l on the 
s imu la ted ebb than on the f lood (p < 0 .05 ) and females a l s o (p < 0 . 0 5 ) . 
I t i s l i k e l y tha t an exper iment o f t h i s na ture would be more c o n c l u s i v e i f 
conducted on H I S , as here Areni c o l a d e n s i t i e s were more than t w i c e as 
h igh a s a t S B . The "background n o i s e " prov ided by e x i s t i n g c a s t s on the 
f lood t i d e s i t u a t i o n would be h i g h e r and d e t e c t i o n o f new c a s t s c o r r e s p o n d -
i n g l y more d i f f i c u l t . 
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T a b l e 2 1 . Median d i s t a n c e s t r a v e l l e d by B a r - t a i l e d Godwits 
i n a t tempts to c a p t u r e A r e n i c o l a a t Sandon Bay 
dur ing the f lood t i d e and in an a r e a s i m u l a t i n g the 
ebb t i d e s i t u a t i o n . 
A l l a t tempts 
Flood t i d e S imula ted ebb t i d e 
Male 0 .97 m 1.06 m 
Fema1e 1.07 1.11 
S u c c e s s f u l a t tempts 
Male 0 . 6 9 (0 .56 to 0 . 9 0 ) * 0 .83 (0 .66 to 1 .02) 
Fema1e 0 .82 0.92 
Note: f i g u r e s a r e d e r i v e d from T a b l e s 18 and 19 
" F i g u r e s in p a r e n t h e s e s a r e 95% Conf idence l i m i t s 
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V I I I DISCUSSION 
1. Sexual dimorphism and feed ing behav iour 
As shown e a r l i e r , when t a k i n g Areni c o l a , a t s u b s t r a t e temperatures 
above 3 ° C , male godwits a r e l e s s s u c c e s s f u l i f they feed 'beyond the t i d e -
l i n e 1 than ' a t the t i d e - l i n e ' ; females a r e e q u a l l y s u c c e s s f u l in both 
feed ing l o c a t i o n s . In s i n g l e - s e x f l o c k s , some males must feed 'beyond 
the t i d e - l i n e 1 , i f f l o c k shape i s not to degenera te in to a l i n e a r f o r m a t i o n . 
However, i n mixed-sex f l o c k s , a lmost a l l males manage to avo id f e e d i n g 
'beyond the t i d e - l i n e ' , and i t i s l e f t to females to use that l o c a t i o n . 
How t h i s d i v i s i o n of f eed ing l o c a t i o n s between the sexes comes about i s not 
c l e a r ; no o v e r t i n t e r s e x u a l behav iour was noted a t any t ime . Whatever the 
mechanism, i t i s c l e a r l y of advantage to males to feed in mixed-sex f l o c k s , 
and most o f them do so (Smith & Evans 1973 ) . At normal temperatures t h e r e 
i s no c l e a r advantage or d i s a d v a n t a g e to females to feed in e i t h e r l o c a t i o n , 
b u t , a s w i l l be argued l a t e r , i t becomes advantageous to feed in deeper 
water in c o l d e r w e a t h e r , so that 'beyond the t i d e - l i n e ' may be c o n s i d e r e d 
the normal feed ing l o c a t i o n f o r f e m a l e s . 
I t remains to be c o n s i d e r e d why males a r e l e s s s u c c e s s f u l when f e e d i n g 
in deeper w a t e r . A g o d w i t ' s s u c c e s s in o b t a i n i n g a lugworm i s determined 
by th ree f a c t o r s : i t s a b i l i t y to d e t e c t the prey w h i l s t ' i t i s d e f a e c a t i n g , 
the speed w i t h which i t can reach the worm, and how f a r down the hole i t 
can probe. 
The exper iments a t Sandon Bay i n d i c a t e that the d i s t a n c e s from which 
males w i l l move to take a d e f a e c a t i n g lugworm a r e s l i g h t l y l e s s than those 
found f o r f e m a l e s . P o s s i b l y the s h o r t e r l egs of the males s i g n i f i c a n t l y 
a f f e c t the he ight from w h i c h , and t h e r e f o r e the d i s t a n c e to w h i c h , c a s t s 
can be d e t e c t e d . In deeper w a t e r , s h o r t e r legs imply immersion of more 
of the b i r d ' s body; hence males a r e probably s lower than females to move to 
a lugworm once they have d e t e c t e d i t 'beyond the t i d e - l i n e ' . F i n a l l y , in 
deep w a t e r , b i r d s must presumably s t r i k e from v e r t i c a l l y above a lugworm 
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t a i l - s h a f t i f they a r e to avo id p a r a l l a x and aim a c c u r a t e l y . They u s u a l l y 
i n s e r t t h e i r b i l l s to f u l l - l e n g t h when probing a f t e r A r e n i c o l a , so the 
s h o r t - b i l l e d males have l e s s d i s t a n c e in which to grab the r e t r e a t i n g l u g -
worm than do the f e m a l e s . P o s s i b l y Aren i c o l a may be a b l e to r e t r e a t more 
q u i c k l y down t h e i r burrows in deep than s h a l l o w wa te r ; i f s o , males would 
a g a i n be l e s s l i k e l y than females to c a t c h them. T h u s , in a l l t h r e e s t a g e s 
of c a p t u r e of Areni c o l a , male godwits in deeper water may be l e s s s u c c e s s f u l 
than females feed ing in the same l o c a t i o n , and l e s s s u c c e s s f u l than males 
f e e d i n g ' a t the t i d e - l i n e ' . 
The r e l a t i v e s u c c e s s of males f e e d i n g in deeper and s h a l l o w e r water 
v a r i e s w i t h the type o f prey t a k e n . When t a k i n g N e r e i s , a s opposed to 
Arenico1 a , males d id a lmost a s w e l l 'beyond the t i d e - l i n e ' a s ' a t the t i d e -
l i n e ' . (Females were e q u a l l y s u c c e s s f u l i r r e s p e c t i v e o f the p r e y - s p e c i e s . ) 
N e r e i s may be n e a r e r the s u r f a c e when immersed, a s Vader (196^) r e p o r t s 
t h a t , upon immers ion, " t h e y go upwards a t o n c e . . . and may o f t e n be observed 
a t the s u r f a c e " . At the h igh d e n s i t i e s of Nerei s encountered a t Sandon 
Bay, even i f the godwits d id not d e t e c t them v i s u a l l y , d e t e c t i o n by touch 
should have been e q u a l l y e f f i c i e n t in both s h a l l o w and deep w a t e r , which 
may e x p l a i n why the male godwits d id a lmost e q u a l l y w e l l in both l o c a t i o n s . 
The d i v i s i o n of f eed ing l o c a t i o n s between godwits in mixed s e x - f l o c k s , 
w i t h the females in deeper w a t e r , may have a d a p t i v e s i g n i f i c a n c e in reducing 
compet i t ion between the s e x e s . T h i s f u n c t i o n has been a t t r i b u t e d to sexua l 
dimorphism in body s i z e , o r b i l l s i z e in a v a r i e t y of s p e c i e s , e . g . hawks 
(Reynolds 1972 ) , owls ( E a r h a r t & Johnson 1970 ) , woodpeckers ( S e l a n d e r 1 9 6 6 ) , 
the G o l d f i n c h C a r d u e l i s c a r d u e l i s (Newton 1967) and the C a r r i o n Crow Corvus 
co rone (Holyoak 1970) . 
In g o d w i t s , i t i s p a r t i c u l a r l y advantageous fo r females to feed 'beyond 
the t i d e - l i n e ' dur ing hard w e a t h e r , when, as shown e a r l i e r , f e e d i n g i s 
c r i t i c a l and t h e r e f o r e s e l e c t i o n i n t e n s e . Under v e r y c o l d c o n d i t i o n s , 
s e v e r a l s h o r e b i r d s p e c i e s a r e f o r c e d to feed a long the t i d e - l i n e , where 
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i n t r a - and i n t e r s p e c i f i c encounte rs become common. These i n t e r a c t i o n s lead 
to l o s s of f e e d i n g t i m e , i f not l o s s o f a c t u a l prey o b t a i n e d . By f e e d i n g 
i n deeper w a t e r , female godwits a r e invo lved in l e s s i n t e r a c t i o n s than i f 
they feed a t the t i d e - l i n e , s i n c e few o t h e r s h o r e b i r d s except Cur lew 
Numenius a r q u a t a can wade so deep. Al though I have no q u a n t i t a t i v e d a t a , 
my impress ion was tha t female godwits f e e d i n g in deeper water ob ta ined more 
items each minute than males feed ing ' a t the t i d e - l i n e ' i n v e r y c o l d wea ther . 
S e l e c t i v e p r e s s u r e s under t h e s e c o n d i t i o n s , f o r both a p p r o p r i a t e behav iour 
and f o r morphologica l c h a r a c t e r s such a s b i l l - and t a r s u s - l e n g t h , would be 
s t r o n g . Whether the d i f f e r e n c e s in b i11 - l eng th between the sexes lead to 
d i f f e r e n c e s in s i z e o f prey t a k e n , I have no means to d e c i d e . For worm-
f e e d e r s such a s g o d w i t s , such in fo rmat ion cou ld not be ob ta ined from prey 
remains in the g i z z a r d , and because worms a r e s t r e t c h e d as they a r e e x t r a c t e d 
from the s u b s t r a t e , they cou ld not be c a t e g o r i z e d in to s u f f i c i e n t l y narrow 
l e n g t h - c l a s s e s to d e t e c t any d i f f e r e n c e s in s i z e s taken by the two sexes 
o f godwi ts . 
Of c o u r s e , s e l e c t i o n f o r b i l l - and t a r s u s - l e n g t h might a l s o o c c u r 
dur ing the breed ing s e a s o n , as c la imed by Hale (1973) f o r Redshank (Tr i nqa 
t o t a n u s ) . B i l l - l e n g t h may a l s o have evo lved through sexua l s e l e c t i o n a s 
argued by J e h l (1970) f o r two North American s a n d p i p e r s . I have no 
in format ion from the breeding grounds of B a r - t a i l e d Godwi ts . 
2 . The f e e d i n g b e h a v i o u r - o f s o l i t a r y and f l o c k i n g godwits 
I n d i v i d u a l godwits feed ing in f l o c k s o b t a i n more prey i n u n i t t ime 
than those f e e d i n g s o l i t a r i l y ; ye t a few s o l i t a r y b i r d s may a lmost a lways 
be found a t L i n d i s f a r n e . As d e t a i l e d e a r l i e r , some of t h e s e a r e i n j u r e d and 
unable to walk s u f f i c i e n t l y q u i c k l y to m a i n t a i n t h e i r p l a c e in a f e e d i n g 
f l o c k a s i t moves a long the t i d e - e d g e . However, o t h e r s o l i t a r y b i r d s a r e 
not i n j u r e d , but may have j u s t a r r i v e d in a f e e d i n g a r e a from the roost o r 
ano ther f eed ing s i t e , o r may have j u s t l e f t a f e e d i n g f l o c k , i n d i v i d u a l s tend 
to l e a v e , o r to be l e f t behind by , a f l o c k f e e d i n g a c t i v e l y under c o n d i t i o n s 
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when they are probably s a t i a t e d , for example on warm days in autumn or 
spr ing . In view of the large amount of energy expended in obtaining food, 
as ca lculated in the e a r l i e r paper, i t would seem reasonable for a sat iated 
bird not to waste energy by keeping within an a c t i v e l y moving f lock . 
However, by detaching i t s e l f from a f l o c k , i t probably becomes more 
vulnerable to predation by raptors. 
Page and Whitacre (1975) have calculated that a s ingle shorebird is 
more l i k e l y to be taken by a raptor than a bird in a f lock , by a factor of 
3 .2 :1 . However, i t i s not c lea r whether the s o l i t a r y birds which they saw 
taken were t ry ing to feed or not. So l i ta ry godwits, for whatever reason, 
spend more time in upright " a l e r t " postures than do indiv iduals in f l o c k s . 
Although th is behaviour might indicate that they are looking for conspeci f ics 
as suggested by Feare e_t aj_. (197*0 for s o l i t a r y Rooks Corvus f rugi lequs, 
th is explanation seems improbable for waders feeding in a very open habi ta t , 
where conspeci f ics are seen e a s i l y . More l i k e l y , they are looking out for 
predators. Sat iated birds can af ford to spend time doing t h i s , while birds 
attempting to obtain s u f f i c i e n t food usua l ly cannot. Hence i t i s the 
hungry s o l i t a r y feeders which would seem most at r i sk from predators. 
My observations suggested that when as few as two godwits fed together, 
they spent r e l a t i v e l y l i t t l e time in " a l e r t " s tances , and were almost as 
successful in obtaining prey as indiv iduals in larger f l o c k s . This is 
s u r p r i s i n g , s ince information I co l lected at L indisfarne from 1970-75, 
tabulated below, indicates that avian predators were more successful in 
taking individual waders from small than large f l o c k s , though species other 
than godwits were involved. 
These observations support those of Page and Whitacre (1975), whose 
more extensive data indicated tha t , while Merlins were more l i k e l y to 
obtain s ing le small sandpipers than birds from f l o c k s , the chance of capture 
a lso decreased with increasing f lock s i z e . These data support Goss-Custard's 
suggestion (1970a) that the habit of compact f locking found in many wader 
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species i s promoted by avian predation, 
Predator Wader prey species Flock Attempts S ize made successful 
Mer 1 i n 
Fa 1 co 
columbarius 
Dunlin Ca1? dri s a lpi na 
Knot C a l i d r i s can.u'tus 1-6 
Redshank Tri nqa totanus 
Dunlin, Knot 9-250 
8 
5 
Spa rrowhawk 
Acci pi ter 
ni sus As above 
As above 
1-7 
15-50 
k 
3 
k 
1 
Peregrine Dunlin, Knot 
Fa ICQ Curlew Numeni us 4 0 - 1 0 0 3 3 
pereqri nus a rquata 
S ince , in godwits, two birds are apparently enough to const i tu te a 
f l o c k , insofar as feeding success and time spent ' looking around 1 are 
concerned, i t i s probable that predation is not the only se lect ion pressure 
promoting f lock ing . Murton (1971a) emphasized the importance of f locking 
in enhancing the feeding e f f i c i e n c y of ind iv idua ls , and claimed that 
predation was of secondary importance, but Lazarus (1972) took a more 
balanced view when he wrote that "the feeding dispersion of a species i s 
the resul t of an interact ion of se lect ion pressures for minimizing predation 
r i sk and maximizing feeding e f f i c i e n c y " . Cer ta in ly birds can enhance the i r 
feeding e f f i c i e n c y by copying the i r neighbours, as deta i led by Murton 
(1971b), and by using the i r neighbours as extra pa i rs of eyes to look for 
concentrations of prey (Krebs et aj_. 1972). 
3 . The feeding behaviour of godwits in re lat ion to the behaviour of the i r 
prey 
Calculat ions presented in the previous paper indicate that godwits 
managed to co l l ec t approximately the same amount of Arenicola each hour, 
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' i r respec t ive of the number of hours of daylight a v a i l a b l e or the energy 
demands they had to meet. This suggests that they were feeding at a 
maximum (or optimum) ra te , and that var ia t ions in energy requirements were 
met by a l te ra t ions in the duration of feeding. To achieve t h i s , one would 
expect them to feed when and where the a v a i l a b i l i t y of prey i s greatest . 
The question a r i s e s whether, and i f so how, they do t h i s . 
The a v a i l a b i l i t y of Arenicola to godwits in any given area is 
influenced by at least four fac tors : ( i ) the absolute density of worms in 
the substrate ( i i ) the stage of the t ida l cyc le ( i i i ) substrate temperature 
and ( iv) wind speed. The las t three factors inf luence the frequency of 
cast formation by Areni c o l a , the cue to which the godwits respond to 
obtain th is prey. 
On Holy Is land Sands, godwits fed in the areas of highest density of 
Areni c o l a , when these areas were uncovered by the t i d e . This was par t i cu la r ly 
noticeable about 1-2 hours a f t e r the birds had returned from high water 
roost . By th is time, the mid-shore was being uncovered by the receding 
t i d e , including the Zostera bed on HIS. This area supports average dens i t ies 
of Arenicola of only 15/m 2 , the lowest dens i t ies in the mid-shore. Godwits 
avoided feeding on the Zostera bed even in late winter when the cover of 
leaves was minimal, so that the major factor a f fec t ing the i r choice was prey 
dens i ty , rather than an i n a b i l i t y to see Areni cola casts being formed. 
A s im i l a r d is t r ibu t ion of predators in re lat ion to prey density has been 
reported by Goss-Custard (1970b) for Redshank feeding upon the amphipod 
Corophium volutator . 
Within the areas of highest density of Aren ico la , the zones of highest 
a v a i l a b i l i t y are those where the rate of cast formation i s h ighest . These 
zones move with the advancing and retreat ing t i d e , s ince the worms defaecate 
most frequently in the v i c i n i t y of the t ide-edge. On the ebb t i d e , cas ts 
are formed less frequently the longer a s i t e i s exposed, and the more 
rapidly the water can drain from i t . Hence Arenicola are least ava i lab le 
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furthest from the tide-edge in areas of dry sand. Godwits feed by walking 
back and forth along and p a r a l l e l to the t ide-edge, and thus stay in the 
zones of highest prey a v a i l a b i l i t y . They a lso sample the ent i re range of 
t ida l l eve ls each day. Prater (1972) records that Knot a lso feed in wet 
rather than dry areas of substrate; he assumed that th is was related to 
d i f ferences in a v a i l a b i 1 i t y of prey, c h i e f l y Macoma b a l t h i c a . 
When temperatures drop below 3°C, Arenicola defaecate less o f ten , 
and a higher proportion of cas ts are formed at the tide-edge than j u s t 
upshore. Godwits respond to th is s i tua t ion by a l t e r i n g the i r f lock-shape 
and concentrating the i r feeding at the t ide-edge, and on very cold days 
feeding e n t i r e l y in the water where temperatures are higher than on the 
exposed sand. Under the coldest condi t ions, no Arenicola are taken, and 
the diet cons is ts c h i e f l y of Scoloplos, which are apparently detected by 
touch. Changes in diet of Redshank have a lso been associated with changes 
in prey a v a i l a b i l i t y with decreasing substrate temperature (Goss-Custard 
1969). 
During high winds, which reduce the rate of cast-format ion by Areni cola 
by drying exposed substrates more rapidly than u s u a l , godwits tend to feed 
on lee shores , even though these may have lower absolute dens i t i es of 
Areni c o l a , or in channels where wind speed i s l e s s . They a lso find i t 
more d i f f i c u l t to feed in the water, as cas ts may be washed away as they are 
formed, and the water i s turb id , so that v i s i b i l i t y i s reduced. 
It seems c l e a r that godwits choose the s i t e s with highest Areni cola 
a v a i l a b i l i t y by responding to the rate of cast formation. This cue i s used 
a lso by Oystercatchers (Stach 1 9 ^ . Hulscher 196*0. Thus godwits se lec t the 
most prof i table areas in terms of food intake per unit time (Royama 1970) 
and in such areas recognize s p e c i f i c cues which enable them to take the 
most prof i table prey (Tinbergen 1960). Addi t iona l ly , a s ingle godwit may 
watch others to see what they are taking and thus f a c i l i t a t e i t s own rate of 
food intake. This would accord with my observations on the feeding rates of 
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single and f locking godwits. F a c i l i t a t i o n could occur by copying the nature 
of the prey, as in the Woodpigeon Columba palumbus (Murton 1971b), or the 
feeding locat ion , as in the Great T i t (Krebs e_t a]_. 1972). 
Socia l interact ions in a f lock s i tuat ion may not always increase the 
rate of food intake of an individual godwit. As mentioned e a r l i e r , at low 
substrate temperatures, Areni cola form no casts and are therefore not 
ava i l ab le to godwits, which take e n t i r e l y Scoloplos. The rate at which 
Scoloplos were obtained at substrate temperatures of about 0°C was only 
s l i g h t l y less than at temperatures of over 3°C, when Arenicola were taken 
as w e l l . However, at -4°C, the rate of Scoloplos intake f e l l to about 
one-third of that at 0°C. I t i s d i f f i c u l t to accept that these prey were 
only one-third as ava i lab le in the very cold conditions as at 0°C, since 
only a small proportion of them moved deeper into the substrate as 
temperatures f e l l (Table II ) . The reduction in food intake of godwits 
at -4°C must have been due in part to addit ional time spent in in te rac t ions , 
but i t i s probably mere coincidence that the probabi l i ty of interact ion at 
-k°C was three times greater than at 0°C. 
Goss-Custard (1970b) suggested that increasing dens i t i es of birds in 
a f lock would lead to increased rates of interact ion and thereby reduce the 
time ava i l ab le for feeding by an ind iv idua l . . Also Hassel (1971) showed 
tha t , at high dens i t ies of the ichneumonid paras i te Nemeritis canescens, 
interference between indiv iduals reduced the i r searching e f f i c i e n c y . With 
the godwits, as substrate temperatures f e l l , birds in the f lock moved c loser 
together and reduced the area searched each minute. These would seem to 
be inappropriate s t ra teg ies to cut down time spent in in te rac t ions , but the 
birds may have had l i t t l e opt ion. Under colder condi t ions, the areas where 
food could be obtained were increasingly l imi ted , so that an individual 
godwit had to be prepared to pack more c l o s e l y to i t s conspeci f ics i f i t 
was to obtain access to a feeding a r e a . Furthermore, other shorebird species 
were a lso res t r i c ted to the t i d e - l i n e to feed, and so aggravated the s i tuat ion 
97 
It may a lso be argued that , once godwits were taking Scoloplos rather than 
Aren?cola , i t was no longer necessary for them to maintain such large 
individual d is tances . (When taking Arenicola at normal temperatures, 
godwits spaced themselves further apart in areas of lower prey a v a i l a b i l i t y . ) 
In view of the many and sometimes interre la ted factors which a f fec t 
the rate at which godwits are able to obtain the i r prey, i t has not seemed 
prof i tab le to explore the simple functional response (sensu Hoi l ing 1 9 5 9 ) 
of the number of prey taken per minute in re la t ion to prey densi ty . As 
shown above, prey a v a i l a b i l i t y i s the al1- important feature . 
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APPENDIX I I 
Sampling of invertebrates; and attempts to measure and ca lcu la te the 
impact of predation by godwits on Areni cola 
a) Invertebrate sampling 
To obtain estimates of food intake during daylight hours, godwits 
were observed over the complete t ida l range on HIS as the t ide ebbed and 
flowed. A sampling program designed to acquire detai led information on 
the dens i t ies of the invertebrates present over th is large area was 
impracticable and not attempted. However, the resul ts of the invertebrate 
survey of HIS car r ied out by W. F. Mi l ler & A. Turk (Unpublished), in 
May and June 1973. provided out l ine data on the re la t ive abundance and 
d is t r ibu t ion of the invertebrates over the ent i re area . 
After determining that godwits take pr imari ly Areni cola and Scoloplos 
on HIS, I car r ied out a general survey of the i r dens i t ies in my study area 
on HIS. R e s u l t s , expressed as average numbers/m2 are reported elsewhere. 
The methods were as fol lows. 
Scoloplos: Two samples at each s i t e were taken at 50 m in te rva ls 
along a transect from high to low water marks. The procedure was repeated 
along a second t ransec t , para l l e l to and 50 m from the f i r s t . A 10 x 10 x 
20 cm (deep) ccrer was inserted into the substrate and withdrawn with the 
sample, which was transferred intact to a polythene bag for ca r r i age . 
Samples were sjej^ved, using 1 mm mesh, and Scoloplos pickled in 70% alcohol 
for counting at a la ter date. F lotat ion techniques, such as that described 
by Kajak e_t a_L (1966) were t r i e d , and proved e f f i c i e n t but too time 
consuming for use with large numbers of samples. Sampling was undertaken 
in ear ly October of both 1971 and 1972. Results were combined. 
Areni co la: Estimates of the numbers of Areni cola/m 5 were obtained 
by counting the i r c a s t s . Although Newell (1948) reported th is method to 
be u n r e l i a b l e , I have found i t gave accurate information on numbers present 
provided that cas ts were not counted on cold days or unt i l several hours 
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a f te r the area had been uncovered by the t ide . My data indicated that 
Areni cola on HIS form casts at regular time i n t e r v a l s , so there i s no 
reason to suspect that most Areni cola had not defaecated when I sampled 
the study area k-S hours a f t e r the t ide had receded. Underestimation can 
r e s u l t , however, when 2 or more cas ts co inc ide . To correct for t h i s , 
15 areas were dug out to a depth of kO cm (since under warm conditions 
most Areni cola are found at depths not exceeding 30 cm) and the extracted 
sand searched for Areni c o l a , a f t e r casts had been counted on the sur face . 
The resu l ts are presented in F i g , 1 and were used to correct the cast counts 
made during regular sampling. In October of 1970, 1971 and 1972, casts 
were counted in each of two quadrats at in te rva ls of 50 m along two 
t r a n s e c t s , 50 m apart , running from high to low water mark through my study 
area on HIS. Corrected average numbers of Areni cola/m 2 are given in the 
text . For the determination of the number of Areni cola ava i lab le /m 2 
within the areas searched by godwits, counts of cas ts were made where the 
godwits fed. 
b) Estimation of the impact of godwits on Areni cola and Scoloplos populations 
1) Di rect methods 
Exc losures , consist ing of wooden frame supports completely covered 
on the top a>nd sides with chicken wi re , were u t i l i z e d in an attempt to 
make estimates of the numbers of Scoloplos and Areni cola removed by waders 
during the winter months. Each exclosure covered an area of 5 . 
Two exclosures were placed in the mid-t idal zone at the periphery of 
my study area in October 1971 and again in 1972. Two "contro l" areas of 
5 m2 were located about 100 m away from the exc losures . The numbers of 
Areni cola casts were counted in each of the exclosures and control areas 
at the time of placement. At the same time, 10 x 10 x 20 cm (deep) samples 
of substrate were col lected for measurement of Scoloplos dens i t i es in 
equivalent sized a reas , 10 m away from each exclosure and control area to 
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avoid disturbing the substrate within the exc losures . The following March, 
the numbers of casts of Areni cola were counted and 10 samples of substrate 
were co l lec ted from within each exclosure and control a r e a . The dens i t ies 
measured in October and March were then compared to reveal any losses which 
might have been due to predation. 
ResuIts The resul ts proved inconclusive for both Scoloplos and Areni c o l a . 
There were considerably fewer Arenicola/m 2 inside the exclosures than out.side, 
perhaps bequafSe the wire around the base of the exclosure caused hollowing 
out of the substrate along the s i d e s , and because of the growth of 
Enteromorpha spp. on the wire in February and March. There was a 4 per cent 
reduction in density of Scoloplos in the f i r s t winter and a 7 per cent 
increase in the second when exclosures and control areas were compared. 
Results from the use of exclosures are l i k e l y to be inconclusive when 
they involve invertebrate species which are capable of movement during the 
non-reproductive season. This has been shown by Goss-Custard e_t a_l_. ( 1 9 7 4 ) 
with Macoma. Vader ( 1 9 6 4 ) reported that Scoloplos were capable of moving 
hor izonta l ly through the subst ra te , while Areni cola may undertake movements 
downshore in cold weather. I noted, through casual observat ion, that the 
number of Arenicola in the channels and lower t ida l areas had increased 
during the very cold spel l in February 1 9 7 1 . Results from exclosures for 
sedentary species (e .g . Lan?ce, Goss-Custard ( 1 9 7 4 ) ; or Cockles , Hancock 
& Urquhart ( 1 9 6 5 ) ) are l i k e l y to be more r e l i a b l e . 
2) Indi rect method 
As the resu l ts from my exclosure studies cannot be re l ied upon, I 
have attempted to ca lcu la te the impact of godwits on Arenicola on the basis 
of the average number of Areni cola taken by a godwit each day. Information 
on the d is t r ibut ion and dens i t i es of Arenicola on Holy Is land Sands at 
the end of the winter season was obtained from a survey in May 1975, made 
by counting c a s t s . 
Other s p e c i e s , e . g . Curlew, Oystercatcher and Grey Plover , often take 
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Areni c o l a , as may f l a t f i s h . As numbers of the th ree a v i a n s p e c i e s on HIS 
a r e s m a l l , t h e i r e f f e c t i s probably not a p p r e c i a b l e . 
The c a l c u l a t i o n s a r e as f o l l o w s . The t o t a l number of godwi t -days 
a t L i n d i s f a r n e in w i n t e r 1974/75 was 531 ,500 . Of t h e s e , 47% of feed ing 
t ime was spent on Holy I s l a n d S a n d s , so godwit p r e d a t i o n on lugworms 
t h e r e i s e q u i v a l e n t to that e x e r t e d by 249,790 g o d w i t - d a y s . On a v e r a g e , 
a godwit t a k e s 238 A r e n i c o l a each d a y , so that 238 x 249,790 = 59 ,450 ,020 
lugworms must have been removed from Holy I s l a n d Sands d u r i n g the c o u r s e 
of the w i n t e r . By May 1975, t h e r e remained on HIS 161,558,425 lugworms, 
d i v i d e d a lmost e q u a l l y between 230 ha of h igh d e n s i t y ( 3 2 . 7 / m 2 ) and 440 ha 
of medium d e n s i t y (19 .9 /nr^) . Hence the autumn popu la t ion of lugworms must 
have been a t l e a s t 221 ,008 ,445 , of which the godwits removed about 59 
m i l l i o n , i . e . 26% a t maximum. 
I t should be mentioned that o t h e r a r e a s of the L i n d i s f a r n e Reserve 
a l s o he ld Areni c o l a in May 1975, to the ex ten t of about 65 m i l l i o n , 
c h i e f l y in 260 ha of medium d e n s i t y ( 1 9 . 9 / m 2 ) and 190 ha o f low d e n s i t y 
( 6 . 4 / m 2 ) . 
APPENDIX I I I 
Studies of shorebirds at L ind is fa rne , Northumberland 
2. Fat and pectoral muscle as indicators of body 
condition in the Bar - ta i l ed Godwit 
P. R. EVANS and P. C. SMITH 
Introduction 
In a pioneer study on Canada Geese, Hanson (1962) investigated 
possible parameters which could be used to evaluate the "condit ion" 
of migrant waterfowl during the course of the i r annual c y c l e . He 
studied var ia t ions in total body weight, in weights of pectoral and 
t i b i o t a r s a l muscles, and in weights of l i v e r and total body f a t . He 
concluded that no parameter could measure "condit ion" adequately, and, 
in p a r t i c u l a r , that i t should not be assumed that the heaviest birds are 
in the best condit ion. 
Since de f in i t ions of condition are lacking from most papers which 
have mentioned the sub jec t , we begin with the assumption that condition 
i s a measure of the chances of surv iva l of an individual at a pa r t i cu la r 
time of year , or of i t s potential for breeding s u c c e s s f u l l y . I t should, 
therefore, be quant i f iab le by examining the s i z e of a b i r d ' s reserves of 
f a t , protein and other groups of b io log ica l ly important chemicals, in re la t ion 
to the s i ze of the demands l i k e l y to be made on these reserves at the 
pa r t i cu la r time of year or stage in the annual c y c l e . In p r a c t i c e , the 
s i z e of the demands may be hard to predict from armchair reasoning, but 
instead may be assessed by measuring the normal leve ls of reserves car r ied 
by birds at d i f ferent times of year. These normal leve ls are presumed to 
have been selected during the course of evolution as those maximizing the 
chances of survival of the ind iv idua l , o r , i n d i r e c t l y , of i t s o f fspr ing . 
Condit ion, i t should be s t r e s s e d , i s a re la t i ve measure, and no absolute 
value of a physiological or chemical parameter can indicate i t . For 
example, a low level of body fat may indicate a bird in poor condition in 
mid-winter (when fat reserves "need" to be high as a safeguard against high 
energy demands or poor feeding condit ions) but in good condition in mid-
summer when high fat reserves are not needed. 
This paper presents data on the body composition of 169 Bar - ta i led 
Godwits col lected at L indisfarne during the years 1970-1975 in connection 
with studies on food se lec t ion and heavy metal accumulation by th is spec ies . 
(Birds co l lected between February and August, i n c l u s i v e , i . e . outside the 
o f f i c i a l shooting season, were obtained under l icence from the Nature 
Conservancy Counci l . ) In th is paper, we seek to e s t a b l i s h the normal leve ls 
of fat and pectoral muscle in birds of d i f ferent s i z e at d i f ferent times 
of year , and to ident i fy those stages of the annual cyc le or s i tuat ions in 
which birds f ind i t d i f f i c u l t to maintain good condit ion. We attempt to 
re la te these to the feeding ecology and behaviour of the godwits, as described 
in part in an e a r l i e r paper (Smith and Evans 1973) and in further deta i l 
here. The reader is referred to our e a r l i e r paper for a general descr ipt ion 
of the study area and i t s importance as a wintering area for godwits. 
Bar - ta i l ed Godwits vary considerably in s i ze and weight, both within 
one sex and between sexes; smaller var ia t ions may occur with age. Data 
from small samples of birds co l lected on d i f ferent days throughout the non-
breeding season are thus inadequate to e s t a b l i s h the patterns of weight change 
occurring within a whole population. Not s u r p r i s i n g l y , therefore, our 
measurements from Lindis farne godwits show no c l e a r - c u t trends in total body 
weight during the autumn, winter and spr ing. S i m i l a r l y , data from the Wash, 
East Angl ia , summarized by Minton (1973). suggest that there was no 
appreciable change in the mean weights of males or females between ear ly 
autumn and winter - but winter samples were smal l . Even i f t rue , important 
reciprocal changes could occur in the weights of cer ta in body components, 
without changes in the total weight of a b i r d , and i t i s these which are 
explored in th is paper. 
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Methods 
Birds were co l lected during daylight hours, 1-2^ hours before the time 
of high t i d e , usual ly as they were f l igh t ing from the i r feeding grounds to 
the i r high t ide roost. Since shorebirds feed at times mainly dictated by 
the t ida l cyc le and not by the a l ternat ion of day and night , the day-to-day 
condition of birds should be most comparable when considered at s imi la r 
stages of the t i d e , rather than at the same hour of the day. 
Immediately a f t e r c o l l e c t i o n , each bird was weighed and the gut removed 
and stored in 70% alcohol for subsequent a n a l y s i s . Measurements were taken 
of the lengths of the b i l l and t a r s u s , and the sex was determined by 
d i s s e c t i o n . The carcass was then stored in deep-freeze and eventual ly 
transported to Durham. While the carcass was thawing, the bird was aged 
by plumage c h a r a c t e r i s t i c s (see la te r ) and d e t a i l s of wing moult recorded. 
The breast muscles from the right side of the bird (the p e c t o r a l i s , supra-
coracoideus and coracobrachia l is ) were excised a f t e r removal of any super-
f i c i a l covering of f a t . They were then dr ied , weighed and extracted with 
petroleum ether (60°-80° b.pt . ) in a Soxhlet ex t ractor . The residual weight 
a f t e r further drying was taken to be the lean dry weight of the pectoral 
muscle. The l i v e r was a lso removed and subjected to s im i l a r procedures, but 
the resu l ts are not discussed in th is paper, s i n c e , as Hanson (1962) pointed 
out, the l i v e r i s an indicator of s h i f t s in metabolic processes rather than 
of body condi t ion . 
The remainder of the carcass ( i . e . minus gut, l i v e r and one set of 
pectoral muscles) was a lso dried and fat was extracted from i t by repeated 
washings in petroleum ether for three days. After further drying, the 
carcass was reweighed. The total weight of fat car r ied by the bird was then 
c a l c u l a t e d , a f t e r due allowance had been made for fat extracted from l i v e r 
and muscles. In the resu l ts discussed l a t e r , total body fat i s expressed 
as a percentage of total body weight ( including f a t ) , termed the Lipid Index. 
This follows the usage of King and Farner (1966) and is the rat io appropriate 
for the ca lcu la t ion of potential f l i gh t range for a given quantity of fat 
(Pennycuick 1969). I t i s not wholly appropriate for ca lcu la t ion of potential 
surv iva l time, however, s ince th is i s a function of a b i r d ' s metabolic ra te , 
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which var ies with body weight to the power of i . e . large birds require 
less energy per unit weight to stay a l i v e than do small b i r d s . To survive 
a cer ta in time, therefore, the larger female godwits require somewhat lower 
l i p i d indices than the smaller males. This d i f ference may be enhanced 
further i f the metabolic rate of females i s lower than that of males of the 
same s i z e , as has been claimed for cer ta in other bird species (references 
in Hanson (1962)). 
Lean dry weight of the pectoral muscles i s expressed as an index 
related to the dimensions of the parts of the skeleton to which the muscles 
are at tached. The area of attachment i s determined by the areas of the keel 
and the bony raft of the sternum, together with the extension provided by 
the coracoid bone (F ig . 1 ) . Although an index of muscle s i z e could be 
ca lculated by div id ing muscle weight (which should be proportional to muscle 
volume) by the area of attachment, such an index would not be dimensionless, 
and so would be unsuitable for comparison of the conditions of muscles from 
birds of d i f ferent s i z e . Accordingly, muscle weight for each bird i s expresse 
as a f ract ion of the volume of a muscle of standard shape attached to the 
appropriate a r e a , as measured for that pa r t i cu la r b i rd . The standard shape 
was chosen a f t e r examination of the pectoral muscles of several shorebird 
s p e c i e s , and so should have correspondingly wide a p p l i c a b i l i t y . The standard 
volume for the muscle, on e i ther s ide of the b i rd , i s given by the formula 
V = b (ad + 0-433 c 2 ) 
where a = length of the sternum 
b = height of the keel of the sternum 
c = distance from the keel to the end 
of the coracoid 
d = width of the bony raft of the sternum 
These dimensions are i l l u s t r a t e d in F i g . 1. 
in 
u 
c 
F i g . 1 Skeleta l measurements used to ca lcu la te the area of attachment 
of the pectoral muscles and hence a standard muscle volume. 
For further d e t a i l s , see tex t . 
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Another muscle index i s a lso used: the total lean dry weight of the 
pectoral muscles on both sides of the bird expressed as a proportion of the 
lean weight ( total body weight minus fat ) of the whole b i rd . (This index 
w i l l not change i f a l t e ra t ions in muscle s i z e are accompanied by corresponding 
changes in water content of the body.) 
I t had been intended to present data a lso on the fat content of the 
pectoral muscles, but estimation of th is quantity i s unre l iab le when 
determined from whole muscles, s ince adhesion of even small quant i t ies of 
s u p e r f i c i a l adipose t i s s u e can produce u n r e a l i s t i c a 1 l y high values of the fat 
content of the muscle. Many of the determinations made on whole godwit 
muscles probably were free from th is source of e r r o r , and in general the fat 
contents of muscle appeared to para l l e l c l o s e l y the corresponding L ip id Indice 
for the whole b i r d s , so they are not discussed fur ther . 
Age determination 
The plumages of Bar - ta i l ed Godwits were described in de ta i l by Chapman 
(1907). Young birds a r r i v e in August and September in warm brown "speckled" 
plumage, with a strongly barred t a i l . Later they moult the i r body feathers 
to an ash-grey winter plumage of s imi la r colour to that of a d u l t s . However, 
we noticed that they retain the f ine ly -barred t a i l fea thers , which d i f f e r 
markedly from the broadly-banded central t a i l feathers of the adul ts (F ig . 2 ) . 
By th is feature , we were able to d is t ingu ish f i r s t - y e a r birds from adults 
throughout the winter . In summer, according to Chapman, very few f i r s t - y e a r 
birds acquire the red breast and be l ly feathers of the a d u l t s , so they may 
be dist inguished a lso at th is time of year . 
The grey first-summer birds moult completely in late summer and ear ly 
autumn, and then become indist inguishable from older birds in non-breeding 
plumage. At L i n d i s f a r n e , moult of the primary feathers usual ly was completed 
in late October or ear ly November, but a few indiv iduals were about to f i n i s h 
feather growth in mid-September in 197^. These may have been immature ( f i r s t -
summer) birds which had spent the summer months in England. 
I 
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F i g . 2 Central t a i l feathers of juven i l e (barred) and adult (banded) 
Bar - ta i l ed Godwits in mid-winter. When spread, the t a i l 
feathers of adults show a terminal band. 
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F i g . 3 Average lean weights of female (upper panel) and male (lower panel) 
Bar - ta i l ed Godwits throughout the non-breeding season at 
L ind is fa rne . F i l l e d symbols = j u v e n i l e s , open symbols = a d u l t s , 
large s ta rs = mean va lues , small c i r c l e s = s ingle observat ions. 
Trend l i n e s : so l id = j u v e n i l e s , dashed = a d u l t s . 
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Results 
Lean weights 
I t had been hoped that , although total weights of godwits were very 
v a r i a b l e , even within one sex and age -c lass at any chosen time of year , lean 
weights might have been less v a r i a b l e , so that seasonal changes could have 
been detected. However, v a r i a b i l i t y in body s i z e i s so great (about 15% on 
e i ther side of the mean) that any trends in lean weight that might have been 
present were e f f e c t i v e l y swamped ( F i g . 3 and Appendix l ) . On the few occasion 
when weights d i f fered s i g n i f i c a n t l y between one sampling period and the next, 
these di f ferences resulted from s i z e d i f ferences in the birds examined, 
rather than from true weight changes in the whole population from which the 
birds were sampled. 
On average, females were about 20% heavier than males (mean weights 
throughout the non-breeding season: 319 g and 270 g for a d u l t s , and 311 g 
and 26k g for f i r s t - y e a r b i r d s , r e s p e c t i v e l y ) . 
Although lean weights apparently did not change with season or 
physiological s t a t e , the great v a r i a b i l i t y in weights could mask underlying 
trends in the weights of components which together make up lean weight, namely 
muscle, water and skeleton. (The last-named is un l ike ly to a l t e r much.) No 
d i rec t measure was obtained of body water, s ince the gut of each bird was 
removed before the carcass was dr ied . However, r e l a t i ve changes in the two 
muscle indices enable changes in body water leve ls to be deduced, as w i l l 
be shown l a t e r . 
Normal patterns of change in l ip id and muscle indices during the non-breeding 
season: birds in "good condition" 
Trends in the three indices are summarized in F i g . k and deta i led in 
Appendix I I . In most ins tances , a l l values for a pa r t i cu la r index at any 
chosen date or period of the year were s i m i l a r , and approximately normally 
d is t r ibuted about the mean value i l l u s t r a t e d in the diagrams. (Differences 
between males and females, and between birds of d i f fe rent s i z e s , disappeared 
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when the weights of fat and muscle were expressed as i n d i c e s . ) On a few 
occas ions , except ional ly high or low values were recorded; these are shown 
separately in the diagrams and were excluded from ca lcu la t ions of the means 
given in Appendix I I . The trends in a l l years were s i m i l a r , so data from 
several years have been combined for each period of the year . 
As may be seen from F i g . k, the L ip id Indices of both adul ts and juven-
i l e s remained steady at about 5% during September and October, rose to a peak 
of j u s t over 12% in mid-December but then f e l l again during the spr ing. By 
cont ras t , both of the pectoral muscle indices showed no change in adults 
throughout the winter , but a steady increase in juven i les from autumn to 
spr ing. For a juven i le of f ixed ske le ta l s i z e , i t s pectoral muscles increasec 
in weight by about 25% between September and May, as the muscle index rose 
from about 0.25 to 0 .31 . In the same per iod, the proportion of the lean 
body weight formed by dry pectoral muscle rose from about 5.2 to 6.1%, a 
change of j u s t over 17%. This l e s s e r increase implies that the average 
lean weight of juven i les must a lso have increased s l i g h t l y during the i r f i r s t 
wi nter of 1i f e . 
The patterns outl ined above may now be related to d i f ferent events in 
the annual c y c l e , 
(a) During Moult 
In most years , adult godwits do not return to L indisfarne unt i l late 
October, by which date they have almost f in ished moult of the i r primary 
feathers . For example, in 1970, a sample of birds co l lected on 1 November 
contained seven a d u l t s , a l l growing the i r outermost one or two pr imar ies . 
In 197^, however, some adults returned to L indisfarne unusually ear ly and in 
f u l l breeding plumage. By ear ly September, some of these birds had almost 
f in ished wing moult, while others had renewed only half the i r pr imar ies . 
(Chapman (1924) recorded the a r r i v a l in mid-August 1918 of adul ts in a c t i v e 
wing-moult). The fat leve ls of moulting birds varied very l i t t l e amongst 
i n d i v i d u a l s , or with date, throughout September and October. S i m i l a r l y , the 
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pectoral muscle indices varied very l i t t l e in moulting birds and were not 
s i g n i f i c a n t l y d i f ferent from those of non-moulting adults at other times of 
year . This suggests that there was no marked increase in body water, 
including blood volume, during moult, s ince th is should have led to a lower 
muscle index when expressed as a proportion of any increase in body weight. 
Nor was there evidence of use of the pectoral muscles as a protein source 
for feather production, s ince th is would have led to lower muscle i n d i c e s , 
when expressed e i ther as a proportion of lean body weight or in re lat ion 
to ske le ta l s i z e . 
(b) During and a f t e r autumn migration 
As mentioned above, in 1970 a sample of moulting adult godwits was 
co l lected on 1 November, within a few days of the i r a r r i v a l at L ind is fa rne . 
These had a s l i g h t l y , but not s i g n i f i c a n t l y , lower mean Lip id Index than 
moulting birds which had been at L indisfarne for several months. This 
d i f ference was a t t r ibutab le c h i e f l y to one November bird with an index of 
only 2.7%, some two per cent below normal. After migrat ion, the s i z e of the 
pectoral muscles, measured in re lat ion to ske leta l s i z e , was s i g n i f i c a n t l y 
lower (p < 0 .01 , t - t e s t ) than in the other moulting b i r d s . However, when 
expressed as a percentage of lean weight, the muscle index of the post-
migratory birds was not s i g n i f i c a n t l y lower. These observations are 
consistent with the idea that some muscle protein i s used during the 
migratory f l i g h t , together with an approximately equivalent percentage of 
body water, so that the ra t io of muscle weight to total lean body weight 
remains almost unchanged. Comparison of the October and 1 November data 
indicate an average loss of some 13% in the weight of the pectoral muscles. 
Much of th is loss was made good by mid-November, as indicated by the 
s ign i f i can t r i s e in muscle index during that month. 
In the case of j u v e n i l e s , there is less cer ta in ty that indiv iduals were 
co l lec ted very soon a f te r a r r i v a l at L ind is fa rne . Nevertheless, the September 
data show pectoral muscle weights low in re lat ion to ske le ta l s i z e , but 
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average in re lat ion to lean body weight, j u s t as found in the adu l ts . By 
October, several weeks a f te r the a r r i v a l of most of the j u v e n i l e s , the i r muscl 
weights had r isen considerably. Two juven i les co l lected on 1 November had 
very high L ip id Indices (F ig . k) s im i la r to that (19.0%) of a juven i le held 
in capt iv i ty unt i l mid-November. Presumably these birds would have migrated 
fur ther . However, the i r muscle indices were lower than average. 
(c) Duri ng winter 
In most winters , godwit numbers at L indisfarne remain steady from 
November to late January. The mean Lip id Indices of both adults and 
juven i les r i s e to a peak of about 12% in mid-December, when days are 
shor tes t , and decl ine thereafter as days lengthen. This l ip id reserve can 
be used for e i ther or both of two purposes: (r) to augment da i ly food intake 
when th is i s i n s u f f i c i e n t to meet da i ly maintenance costs ( i i ) to provide 
fuel for f l i g h t s to other a r e a s . At worst, when the in te r t ida l zone i s 
completely f rozen, godwits are unable to feed. Under these condi t ions, 
the fat reserves car r ied in mid-December, t o t a l l i n g between 30 and kO gms 
(depending on the s i z e and sex of the bird) would be s u f f i c i e n t to provide 
maintenance energy for about three days. 
In cont rast , no protein reserve appears to be la id down, at least in 
the pectoral muscles, to guard against temporary starvat ion in mid-winter. 
In a d u l t s , the two muscle indices are no higher in mid-December than during 
moult, when, as argued above, they might have been expected to be low. In 
j u v e n i l e s , a l s o , the rate of increase in both muscle indices between autumn 
and spring appears to be steady, with no mid-winter peak. 
(d) Before and during spring migration 
Most godwits which winter at L indisfarne leave the area by late A p r i l . 
However, others a r r i v e to take the i r p lace , some stopping only b r i e f l y before 
continuing migration northwards, a few hundred immatures remaining throughout 
the summer. As judged by d i rect observat ion, the L indis farne wintering 
population contains more s h o r t - b i l l e d males than long-b i l led females. In 
122 
the September to March samples co l lec ted for th is study 56% of the birds were 
male, WA female. By cont rast , the sample of 13 one-year old birds col lected 
on 8 May 1974 contained 70% females. This sample of passage migrant and/or 
potential summering birds contained only two indiv iduals with fat leve ls 
s u f f i c i e n t to perform s ign i f i can t further migration. Possibly the rest had 
ar r ived only recently and so had not had time in which to prepare for further 
migration. Their L ip id Indices averaged only 3%, s imi la r to the majority of 
juven i les in A p r i l . In both months the highest Lipid Indices recorded were 
12-13%, comparable to mid-winter l e v e l s . No adults were examined in May; 
those co l lec ted in Apr i l had L ip id Indices averaging 6.5% and included no 
except ional ly fat ind iv idua ls . Presumably the spring migration of godwits 
to S iber ia takes place by a s e r i e s of short f l i g h t s from one re fue l l ing area 
to another. 
Both muscle indices of juven i le godwits reached the i r highest values in 
Apr i l and May. I t might be supposed that th is indicates growth of the 
pectoral muscles associated with preparation for migration, but th is i s not 
c e r t a i n , s ince the muscle indices obtained were not s i g n i f i c a n t l y greater 
than those of adults in the following autumn. Furthermore, there was no 
s t a t i s t i c a l l y convincing evidence of muscle hypertrophy in adult godwits befor 
the i r migration in A p r i l , although the index re lat ing muscle weight to skeleta 
s i ze in adults reached i t s highest mean value of the year in that month. 
(i i ) Departures from the normal patterns of change: birds in "poor condition'' 
The i n a b i l i t y of birds to maintain fat and muscle reserves at leve ls 
appropriate for the time of year must be the result of inadequate food intake. 
A number of possible s i tua t ions can lead to t h i s . Birds cannot feed during 
a migratory f l i g h t , may be unable to feed e f f e c t i v e l y during cold weather 
(for reasons to be discussed la ter ) or may be in jured . 
I t i s well known that fat stored before migration is used as fuel 
during the f l i g h t ; but l i t t l e information i s ava i l ab le on the leve ls of fat 
remaining at the end of the journey. Information presented e a r l i e r showed 
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that only one of seven adults co l lected a f t e r a r r i v a l on 1 November 1970 had 
a L ip id Index notably below normal for the time of year . (One of nine 
juven i les co l lec ted on the same day had an equally low L ip id Index (2.6%), 
and possibly was a passage migrant.) These data suggest that the leve ls of 
fat accumulated before migration usual ly are more than s u f f i c i e n t for the 
f l i g h t , and al low a safety margin s imi la r in quantity to the normal leve ls 
of fat car r ied by non-migrants at that time of year . By cont ras t , the 
muscle weights of adults a f te r migration (measured against ske le ta l s i z e ) 
were lower in s i x of the seven birds examined than the lowest muscle weight 
recorded in non-migrants between September and ear ly December. Using muscle 
as the c r i t e r i o n , therefore, most godwits were in "poor" condition a f t e r 
migration, even though they carr ied adequate fat reserves. 
The e f fec ts of a period of cold weather in r e s t r i c t i n g food intake are 
exemplified by the changes in body composition of samples of godwits taken on 
20 and 25 December 1970. The average L ip id Index of adults f e l l from 12.8 
to 11.5%, a non-s igni f icant drop, as the var ia t ion in L ip id Index about the 
mean was wide on both days. The lowest fat leve ls recorded before and a f t e r 
the cold spel l were 8.9 and 7A% r espec t ive ly . Thus, although apparently in 
poorer condition a f t e r f i ve days of cold weather, adult godwits must have 
maintained da i ly energy intake almost at the leve ls needed to meet the i r 
da i ly requirements. Juveni les fared less w e l l . At the end of the cold 
weather, the i r L ip id Indices averaged only 8.5%, s i g n i f i c a n t l y lower (p = 0.05 
t - t e s t ) than those of adults co l lected on the same day. Three of the eight 
juven i les car r ied fat leve ls lower than that of the adult in "poorest 
condi t ion". The juven i le with least fat (5.0%) had one tarsus which had been 
broken but had healed subsequently. Muscle weights, measured against lean 
body weight, showed no change during the cold s p e l l . However, when measured 
against ske le ta l s i z e , the pectoral muscles of the sample of adults co l lec ted 
on 25 December, a f t e r the cold weather, were l ighter than those of the sample 
col lected on 20 December. As in the f a l l in L ip id Index, the change was 
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non-s ign i f i can t , s ince the var ia t ion in muscle index around the mean was wide 
on both days. One adult had an index as low as 0.246, s imi la r to the lowest 
values recorded in the birds co l lec ted a f t e r migration on 1 November. The 
mean muscle index of juven i les co l lec ted on 25 December was very s im i l a r to 
that of the a d u l t s , but th is value i s based on only seven of the eight 
juven i les and omits one individual with an except ional ly low muscle index of 
0.207. (This bird had a L ip id Index of 11.8%, well above average) . Although 
th is juven i l e was in "poor condi t ion" , using the c r i t e r i o n of pectoral muscle 
weight, i t should not be assumed that i t s chances of survival were very low, 
for i t s muscle index was ident ica l with that of a healthy captive b i r d , in 
which the pectoral muscles had atrophied through d is us e . 
Except ional ly low fat leve ls for the time of year were obtained from 
two juven i l e males in September /October 197^ and one adult male in March 1971. 
These birds had no noticeable deformities but were roosting or feeding s ing ly . 
An adult male with a broken leg co l lec ted in ear ly March 1971 a lso had an 
abnormally low Lip id Index. However, three other birds with bone damage 
which had healed - including one which had lost i t s right foot - had normal 
Lipid Ind ices , as did another carry ing a heavy load of in tes t ina l p a r a s i t e s . 
The muscle indices of the juven i les roosting alone were normal, but those of 
the adult males col lected in March, while feeding s o l i t a r i l y , were very low. 
I t is not known why the s o l i t a r y birds were feeding or roosting a lone. 
We showed e a r l i e r (Smith and Evans 1973) that godwits feeding s ingly had 
lower rates of prey capture than birds feeding in f l o c k s . This could lead 
to loss of condit ion. A l t e r n a t i v e l y , birds which develop poor condition may 
then leave the feeding f l o c k s . 
Pi scussion 
( i ) Are muscle and fat leve ls two independent c r i t e r i a of condition? 
Hanson (1962) argued that during migration, food shortage or s ta rva t ion , 
fat can be u t i l i z e d as an energy source only with concurrent breakdown of 
prote in . Fat i s metabolized via the Krebs' c y c l e , provided that a supply of 
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oxaloacetate, which can be derived only from carbohydrate or protein 
metabolism, i s a lso a v a i l a b l e . During s ta rva t ion , a b i r d ' s carbohydrate 
reserves are exhausted quickly; therefore , Hanson claimed, protein must be 
the source of the oxaloacetate: " fa t i s burnt in the flame of prote in" . We 
see no reason, however, why oxaloacetate, once provided, should be used up 
during fat catabol ism, s ince i t should be reformed (without loss) during 
the working of the Krebs 1 c y c l e . Therefore we claim that protein breakdown 
i s not necessary for fat u t i l i z a t i o n . However, a l l warm-blooded vertebrates 
have high rates of protein turnover in the l i v e r and so require i t s continual 
intake. "The primary function of protein food i s to supply the amino-acids 
needed for the growth, repair and general maintenance of the s t ructura l 
and c a t a l y t i c machinery of l i v ing c e l l s " (Baldwin 1967). Hence, during any 
period of inadequate protein intake, protein reserves within the body i t s e l f , 
e . g . the pectoral muscles (Kendal l , Ward and Bacchus 1973). w i l l be u t i l i z e d 
to provide the necessary amino-acids. During s ta rva t ion , resu l t ing e i ther 
from food becoming unavai lable , or from prolonged continuous migratory f l i g h t , 
a b i r d ' s muscles are l i k e l y to be used as the source of protein at the same 
time as i t s fat reserves are used as an energy source. During times of merely 
shortage of food, however, a s i tuat ion could a r i s e in which the da i ly protein 
intake was adequate, but the total energy intake i n s u f f i c i e n t , to meet the 
da i ly requirements. Under these condi t ions, a b i r d ' s fat reserves would 
decrease, but no change would be expected in the weight of i t s muscles. 
With less favourable feeding opportuni t ies , but not complete s ta rva t ion , 
both fat and muscle reserves would be used up, but fat more quickly than 
prote in . Under total and prolonged s ta rva t ion , at least in man, the d a i l y 
use of fat reserves remains steady, but protein reserves are drawn upon 
progressively l ess heavi ly as the duration of the fast lengthens, as a 
resul t of reductions in enzyme a c t i v i t i e s in the l i v e r . 
The conclusions to be drawn from the arguments outl ined above are that 
fat and muscle levels are independent measures of condi t ion, but that they 
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often vary In p a r a l l e l , though not necessar i ly to the same extent . Insofar 
as the data from adult godwits co l lected on 20 and 25 December 1970 are 
representative of the population as a whole, fat leve ls were 10% lower but 
muscle weights only 6% lower a f t e r the period of cold weather. This could 
be interpreted as indicat ing a level of d i f f i c u l t y in obtaining food which 
was s u f f i c i e n t to reduce both d a i l y protein intake and, more p a r t i c u l a r l y , 
d a i l y energy intake below da i ly requirements. 
(i i ) Increases in muscle weight in birds: some general predict ions 
As mentioned e a r l i e r , r e s t r i c t i o n of da i ly food intake w i l l not 
necessar i l y lead to the depletion of protein reserves in a b i r d ' s body, 
whereas even temporary starvat ion must do so . One may p red ic t , therefore , 
that those species which are l i k e l y to meet conditions in which food i s made 
unavai lable for several days, during predictable periods of the year when 
e . g . droughts or snow cover are l i k e l y to occur , w i l l increase the i r protein 
reserves in a n t i c i p a t i o n . In cont ras t , those species which usua l ly encounter 
merely reductions in food a v a i l a b i l i t y at cer ta in times of year , but rarely 
complete absence of food, may well not increase the i r reserves in ant ic ipa t io r 
Shorebirds, feeding in the in te r t ida l zone which rare ly freezes for more than 
a few hours in normal B r i t i s h w in ters , would be expected to f a l l into the 
second category, and T t w i l l be noted that adult Bar - ta i l ed Godwits did not 
increase the i r muscle leve ls in an t ic ipa t ion of cold weather in mid-winter 
at L ind is fa rne . 
With regard to migrants, most of which cannot feed on the wing, the 
use of body protein must increase approximately in proportion to the 
duration of non-stop f l i g h t . If the food types and a v a i l a b i l i t y at the 
dest inat ion do not permit rapid replacement of lost protein by a migrant 
s p e c i e s , then one may expect that species to prepare for migration by muscle 
hypertrophy before departure.'. The longer the f l igh t to unfavourable feeding 
a r e a s , the greater the extent of hypertrophy to be expected. I f , on the 
other hand, migrants are t r a v e l l i n g only short distances or to areas where 
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feeding conditions are good, then hypertrophy need not occur. In the 
Bar - ta i l ed Godwits at L ind is fa rne , any increase in muscle weight which 
may have taken place before autumn migration was i n s u f f i c i e n t to provide the 
protein needed during the f l igh t i t s e l f . Hence, on a r r i v a l in ear ly Novembe 
birds had pectoral muscle weights below normal; but feeding conditions norma 
are good at that time of year and the losses were soon made up. In spr ing , 
pre-migratory fat deposits were r e l a t i v e l y smal l , and the apparent (but not 
s i g n i f i c a n t ) increase in muscle weight was a lso smal l . Presumably, the 
f l igh t to the breeding grounds was not made d i r e c t l y from L ind is fa rne , so 
the need for increased protein reserves before departure was lack ing. I t 
should be noted that small and medium-sized migrants do not need to acquire 
larger muscles to carry the extra fuel load during migration (Pennycuick 
1969). 
Hypertrophy of the pectoral muscles before migration, and a reduction 
in muscle weight during migration, has been claimed for several passerine 
s p e c i e s , e . g . the Lesser Redpoll Carduel is flammea leaving B r i t a i n in 
autumn (Evans 1969a) and the Yellow Wagtai1 Motac?1 la f lava pr ior to 
crossing the Sahara while on northward migration in spring (Fry , Ferguson-
Lees and Dowsett 1972), though in neither case was i t proven conclusive ly 
that the fa t tes t b i r d s , which had the highest pectoral muscle weights, were 
not merely the largest birds in terms of ske le ta l s i z e , 
( i i i ) The functions and control of winter fattening in qodw?ts 
The peak L ip id Index in godwits occurred in December, when days are 
shor tes t , rather than one month l a t e r , when the average da i ly temperature 
tends to be lowest. This suggests that increased fat reserves may be an 
adaptation to res t r ic ted hours of daylight feeding, as well as to increased 
metabolic needs at lower temperatures. Although godwits can feed by night 
as well as by day, they are more successful by day, when they hunt pr imari ly 
by s igh t . Their preferred prey occur c h i e f l y below mid-t idal level and so 
are ava i l ab le for less than 8 hours in every t ida l c y c l e . When high t ides 
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occur in the middle of the day in mid-December, godwits at L indisfarne are 
able to feed on the i r preferred prey for no more than three hours during 
dayl ight . By mid-January, with s im i l a r t ida l condi t ions, the natural 
increase of daylength allows them another ha I f -hour of daylight feeding, 
so i t may be argued that they do not need to maintain such large fat reserves 
then to cope with any sudden onset of adverse condit ions. Many wader 
species studied on the Wash a lso reach peak weights (and therefore very 
probably peak fatness) in December rather than January, as may be 
deduced from data summarized by Minton (1973). In cont ras t , several 
passer ines , e . g . the Yellow Bunting Emberiza c i t r i n e ! l a , reach peak fatness 
in mid-January (Evans 1969b). 
Unlike the winter fat deposits of passer ines , those of godwits (and 
Oystercatchers Haematopus ostralegus (Dare, in prep. ) ) form a layer over 
the pectoral muscles, rather than being concentrated in the " t racheal p i t" 
(between the c l a v i c l e s ) and over the peritoneum. Hence winter fat in godwits 
may serve an insu la t i ve funct ion, as well as act ing as an energy reserve 
to be drawn upon i f da i ly energy intake f a l l s below requirements, or for 
hard-weather movements. If the d is t r ibu t ions of winter and pre-migratory 
fat in waders are s i m i l a r , problems might a r i s e in d iss ipat ion of the heat 
produced by the pectoral muscles during migratory f l i g h t s . I t has been 
argued that passerine migrants used a i r -coo led "engines" (Hart and Berger 
1972), so addit ional insulat ion over the pectoral muscles would seem a 
disadvantage. However, in godwits, presumed pre-migratory fat deposition 
in Apr i l and May was less extensive than in mid-winter, so that the muscles 
were rarely over la in by a thick layer of f a t . 
While the adaptive nature of winter fattening in godwits seems c l e a r , 
i t s proximate control i s unknown. Several passer ines , e . g . the White-crowned 
Sparrow Zonotrichia leucophrys and the Bu l l f inch Pyrrhula pyrrhula , respond 
to sudden cold weather by increasing the i r fat reserves immediately (King 
and Farner 1966, Newton 1969). However, the Yellow Bunting does not. The 
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level of i t s reserves are linked so le ly to the date and are unaffected by 
temperature (Evans 1969b). In cont rast , the Bar - ta i l ed Godwit was unable 
to maintain i t s reserves during cold weather, but otherwise carr ied fat 
reserves linked to the date (F ig . k). These fat leve ls could have been 
regulated v ia an internal rhythm or by daylength. Dif ferences in the 
proximate control of the fat reserve in waders and passerines are to be 
expected in view of the di f ferences in i t s funct ion. Passerines use fat 
as an overnight energy supply and to provide s u f f i c i e n t energy to enable 
them to f l y from the i r roost to search for food next morning. Waders are 
able to feed by night , but the i r foods may be less ava i l ab le in cold 
weather, whereas those of granivorous passer ines are unaffected by cold 
per s e , though they may be made unavailable by snow cover, 
( iv) Body condit ion, food a v a i l a b i l i t y , and feeding behaviour 
The depressive e f fec ts of cold weather on body condit ion, as measured 
by fat and muscle i n d i c e s , l ink neatly with data on the feeding behaviour 
of godwits at d i f ferent temperatures (Smith 197^ and in p r e p . ) . Their 
chief prey are Lugworms Arenicola marina, which they detect and capture 
when the worms back up the i r U-shaped burrows to defaecate. When mud 
temperatures f a l l below 3°C, Lugworms become progressively less ac t ive and 
the rate at which they are captured by godwits decreases. When mud 
temperatures f a l l below freezing point , godwits manage to take very few 
lugworms, and rely on f inding other , smal ler , polychaete worms. They then 
have d i f f i c u l t y in s a t i s f y i n g the i r da i ly food requirements - as happened, 
p a r t i c u l a r l y to the j u v e n i l e s , in late December 1970 - and the i r l ip id 
reserves are drawn upon. 
Lugworms are less readi ly ava i lab le to godwits a lso during periods of 
high winds, which dry the surface of the sand and reduce the frequency of 
defaecation by the worms. Gales a lso prevent godwits from feeding 
success fu l l y at the t ide-edge, as Areni cola casts are washed away as fas t 
as they are formed (so depriving godwits of the cues they need to f ind the 
V 
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worms) and the water becomes turb id , thereby reducing v i s i b i l i t y . In 
ear ly autumn, godwits seem able to cope with th is s i t u a t i o n , provided that 
gales do not delay or prevent the ebbing t ide from uncovering the i r 
preferred feeding a reas . They obtain the i r da i l y food requirements by 
lengthening the i r period of feeding to compensate for lower rates of prey 
capture. Even juven i les manage to compensate in th is way, for the average 
L ip id Index of the sample taken on k October 1974, a f t e r three days of 
northerly ga les , was not s i g n i f i c a n t l y d i f ferent from that of juven i les 
co l lec ted in September or la ter in October (means of 5.2 as against 4.8 and 
4.9%. r e s p e c t i v e l y ) . We have no information to indicate how ser ious ly the 
onset of gales would aggravate an already bad feeding s i tuat ion for godwits 
during cold weather in mid-winter, or during periods of midday high t ides 
when daylight hours are shor t . 
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Summary 
Body compositions have been determined of 169 Bar - ta i led Godwits 
Limosa lapponica, co l lected at d i f ferent times of year , between 1970 and 
1975, at L i n d i s f a r n e , Northumberland. Normal trends in l ip id and muscle 
indices are shown in F i g . k. The l i p i d index (weight of fat as a percentage 
of total body weight) of both adults and juven i les reaches a peak in 
December when day- l ight hours are shor tes t . Both muscle indices (lean dry 
weight of a l l the pectoral muscles ( i ) as a percentage of lean body weight 
( i i ) in re lat ion to ske le ta l s i z e ) remain unchanged in adults throughout 
the non-breeding season, but increase s tead i l y in juven i les to reach adult 
leve ls by la te winter . S l ight hypertrophy of the pectoral muscles may occur 
before migration. Birds with l i p i d and/or muscle indices below normal for 
the time of year are considered to be in "poor condit ion"; recovery of 
condition may be rapid, for example in adult godwits a r r i v i n g at L indisfarne 
with depleted muscles a f t e r autumn migration. During cold weather, l i p i d 
reserves are used to augment da i ly food intake i f th is i s i n s u f f i c i e n t to 
meet da i ly energy requirements. At maximum, fat reserves alone could 
supply about three days' energy needs. Muscle may a lso be drawn upon as 
a protein reserve. Juveni les lose condition more rapidly than adults when 
food becomes less readi ly ava i lab le in cold weather. Dif ferences in the 
temporal pattern and functions of winter fattening in waders and passerines 
are d iscussed . Some predict ions are made as to the l ikel ihood of accumula-
t ion of protein reserves in winter or before migration in d i f ferent bird 
speci e s . 
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Appendix I : Lean body weights (gm) of 
Date Juveni le 
Period Male 
Mean 242 
September S . E . 7.7 
n 8 
Mean 266 
4 October 1974 S . E . 6.8 
n 7 
Mean 277 
17/23 October S . E . 11.0 
n 5 
Mean 251 
1 November 1970 S . E . 9.9 
n 5 
Mean 270 
November S . E . 3.9 
n 4 
Mean 
10/11 December S . E . 
n 
Mean 245 
20 December 1970 S . E . 
n 1 
Mean 245 
25 December 1970 S . E . 15.2 
n 3 
Mean 301 
14/16 January 1975 S . E . 21.1 
n • 3 
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- t a i l e d Godwits at L indisfarne 
Adult Juveni le Adult 
Ma 1 e Fema1e Fema1e 
258 297 335 
6.1 6.2 9.1 
6 4 6 
292 323 326 
8.7 9.3 
3 3 1 
263 305 329 
0 17.6 12.7 
2 4 3 
266 309 315 
6.0 10.0 5.5 
2 4 5 
269 331 321 
5.8 17.0 49.5 
5 4 2 
293 335 342 
8.9 
3 1 1 
262 - 308 
9.4 - 13.2 
k - 3 
262 303 318 
7.6 12.3 2.5 
5 5 2 
277 309 336 
11.0 14.5 17.1 
2 3 4 
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Mean 256 - 304 288 
late January/ S . E . 2.0 - - 6.9 
February n 2 - 1 4 
Mean 267 274 _ 
March S . E . 10.4 0.7 - -
n 3 3 - -
Mean 272 279 308 304 
Apri 1 S . E . 3.3 11.5 3.0 9.4 
n 3 3 2 3 
Mean 282 _ 311 _ 
8 May 1974 S . E . 6.2 - 6.6 -
n 4 - 9 _ 
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Append!x 11: Fat and muscle indices of Ba r - ta i l ed Godwi ts at L ind is fa rne 
Date Lipid 1 ndex Muscle Index Muscle Index 
Period (% of total body (% of lean body (related to 
wei ght) wei ght) skeleta1 si ze) 
Juveni les Adults Juveni les Adults Juveni les Adults 
Mean 4.8 5.8 5.26 5.88 0.245 0.296 
September S . E . .88 .42 .150 .104 .0077 .0036 
n 12 12 12 12 12 12 
Mean 5.2 5.5 5.26 6.62 0.277 0.301 
4 October S . E . .59 .54 .074 .066 .0040 .0079 
1974 n 10 4 10 4 10 4 
Mean 4.9 5.2 5.34 5.82 0.275 0.301 
17/23 S . E . .25 .48 .082 .092 .0072 .0049 
October n 9 5 9 5 9 4 
Mean 10.3 4.7 5.44 5.54 0.259 0.261 
1 Novembe r S . E . 1.78 .39 .130 .152 .0102 .0069 
1970 n 9 7 8 7 7 7 
Mean 9.4 9.3 5.26 5.52 0.261 0.287 
November S . E . 0.81 1.25 .096 .082 0.0086 .0055 
n 7 7 6 7 7 8 
Mean 11.0 11.3 4.22 5.40 0.242 0.293 
10/11 S . E . - 1.38 - .108 - .0079 
December n 1 3 1 4 1 4 
Mean 11.0 11.3 4.22 5.40 0.242 0.293 
10/11 S . E . - 1.38 - .108 - .0079 
December n 1 3 1 4 1 4 
Mean 12.2 12.8 6.30 5.76 0.280 0.292 
20 December S . E . - 1.11 - .086 - .0099 
1970 n 1 7 1 7 1 7 
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Mean 8.5 11.5 
25 December S . E . 1.03 1.13 
1970 8 
5.54 5.84 0.277 0.275 
.118 .114 .0142 .0062 
8 7 7 7 
mid-
January 
Mean 
S . E . 
h 
8.0 
0.93 
6 
10.8 
1.09 
8 
5.84 
.136 
6 
5.70 
.110 
8 
0.294 
0.0101 
6 
0.290 
.0081 
7 
Februa ry 
Mean 
S . E . 
n 
8.4 
1 .02 
3 
8.6 
1.40 
2 
5.66 
.118 
3 
5.86 
0.34 
2 
0.254 
0.0024 
3 
0.256 
Ma rch 
Mean 
S . E . 
n 
5.76 0.300 
.0027 
3 
Apri 1 
Mean 
S . E . 
n 
3.3 
0.27 
3 
6.5 
0.76 
6 
6.16 
.116 
5 
5.84 
.232 
6 
0.326 
.0141 
5 
0.309 
.0130 
6 
8 May 
1974 
Mean 
S . E . 
n 
3.0 
0.21 
9 
6.12 
.134 
13 
0.311 
.0090 
13 
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